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Introduction 



Zilog's Focus on Application Specific Products Helps You 
Maintain Your Technological Edge 

Zilog's DSP products are suitable for a broad range of applications, from general-purpose use 
through speech synthesis and mass storage. Whichever device you choose, you'll find a 
comprehensive feature set and easy-to-use development tools to speed your design time to 
production. 

Z89C00 16-Bit Digital Signal Processor 

With a high-performance single-cycle multiply/accumulate instruction and zero software overhead 
pointer architecture, the Z89C00 is an excellent choice for many DSP designs. Flexible general-purpose 
I/O features, including a 1 6-bit address and data bus and a 1 6-bit I/O bus, make it easy to configure even 
slow peripherals into the system. A comprehensive set of development support tools makes it even 
easier to work with the Z89C00. This device offers broad functionality in an affordable package for 
consumer and industrial product designs alike. 

Z89120, Z89920 (ROMIess) 16-Bit Mixed Signal Processor 

Multiple-chip capability in a single-chip solution is the hallmark of the Z89120. Combining 16-bit DSP 
functions with an integrated 8-bit microcontroller and A/D, D/A converters, it is an optimal choice for 
communications applications including audio, fax, voice mail, modems and data transmission, as the 
Z89120 can handle several of these functions without additional hardware. Its very low power 
consumption and small footprint make it ideal for portable use, or in applications requiring long-term 
continuous operation, such as security systems and other supervisory instrumentation. The Z89920 is 
the ROMIess version of the Z89120 device. 

Z89121. Z89921 (ROMIess) 16-Bit Mixed Signal Processor 

The Z891 21 system processor offers exceptional flexibility for applications like voice mail and personal 
communications, which involve substantial I/O and storage requirements. Two Codec ports allow 
extensive analog interfacing, and expanded DSP program memory space — plus a 32-Mbit DRAM 
interface — accommodates digital speech generation and storage. The Z8912's compact design 
provides maximum space-efficiency for remote messaging and paging applications. The Z89921 is the 
ROMIess version of the Z89121 device. 

Z89320 16-Bit Digital Signal Processor 

The Z89320 provides the computational power of the Z89C00 at a cost effective price. This device 
incorporates 51 2 bytes of RAM and 4K words of program ROM. Two general purpose user inputs and 
two user outputs provide convenient peripheral monitoring or control. A dedicated 1 6-bit I/O bus assists 
in transferring information to and from external peripherals. The compact instruction set is standard to 
all Zilog DSP products and provides ease-of-use programming. Applications include high-volume 
multimedia, digital audio, speech processing, and system control. 

Z89321 16-Bit Digital Signal Processor 

Building on the Z89320 feature set, the Z89321 integrates a dual codec interface to assist in the transfer 
of analog signals to the processor. A standard 8-bit codec can be used to communicate with the 
interface. An upgrade to the Z89321 will provide an expansion to the interface capabilities to include 
1 6-bit linear and 1 6-bit stereo codecs. This integration path provides additional cost advantages to 
customers that use codecs for transfer of data. 
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Part# 



Z89C00 



Z89120 



Z89920 



Z84C15 



Z80182 



Z80180 



Z85230 



Description 



16-Bit Digital Signal 
Processor 



Zilog Modem/Fax 
Controller (ZMFC) 



Zilog Modem/Fax 
Controller (ZMFC) 



IPC/EIPC Controller 



Zilog Intelligent 
Peripheral (ZIP™) 



High-performance 
Z80° CPU with 
peripherals 



Enhanced Serial 
Com. Controller 



Process/Speed 



CMOS 10, 15 MHz 



CMOS 20 MHz 



CMOS 20 MHz 



CMOS 6, 10,16 MHz 



CMOS 16, 20 MHz 



6, 8, 10, 16*. 20* 
*Z8S180only 



CMOS 8. 10,16. 20 MHz 



Features 



16-bit Mac 75 ns 
2 data RAMs 

(256 words each) 
4K word ROM 
64Kx16Ext. ROM 
16-bit I/O Port 
74 instructions 
Most single cycle 
Two conditional branch 

inputs, two user outputs 
Library of software 

macros available 
zero overhead pointers 



Z8» controller 

with 24 Kbyte ROM 
16-bit DSP with 

4K word ROM 
8-bit A/D 
10-bit D/A (PWM) 
Library of software 

macros available 
47 I/O pins 
Two comparators 
Independent Z8* and 
DSP Operations 

Power-Down Mode 



Z8w/64K external memory 
DSP w/4K word ROM 
8-bit A/D 
10-bit D/A 
Library of macros 
47 I/O pins 
Two comparators 
Independent IS* and 
DSP Operations 
Power-Down Mode 



Z80° CPU, SIO, CTC 

WDT, CGC 
The Z80 Family in 
one device 

Power-On Reset 

Two chip selects 

32-bit CRC 

WSG 
EV mode' 

3 and 5 Volt Version 



Complete Static Version 
of Z180~ plus ESCC 
(2 channels of Z85230) 
16550 MIMIC 
24 Parallel I/O 
Emulation Modes' 



Enhanced Z80° CPU 
MMU 1 Mbyte 
2 DMAs 
2 UARTs 

with BRGs 
C/Serial I/O Port 
Oscillator 
Z8S1 80 includes; 
Pwr dwn, Prgmble 
EMI, divide-by-one 
clock option 



Full dual-channel 
SCC plus deeper 
FIFOs: 

4 bytes on Tx 

8 bytes on Rx 
DPLL counter per 

channel 
Software compatible 

to SCC 



Package 



68-pin PLCC 
60-pin VQFP 



68-pin PLCC 



68-pin PLCC 



100-pin QFP 
100-pin VQFP 



100-pin QFP 
100-pin VQFP 



64-pin DIP 
68-pin PLCC 
80-pin QFP 



40-pin DIP 
44-pin PLCC 



Other 

Applications 



16-bit 

General-Purpose DSP 
TMS 3201 0/20/25 
applications 



Multimedia-Audio 
Voicemail 

Speech Storage and 

Transmission 
Modems 

FAXes, Sonabouys 



Multimedia-Audio 
Voicemail 
Speech Storage and 

Transmission 
Modems 

FAXes, Sonabouys 



Intelligent peripheral 

controllers 
Modems 



General-Purpose 
Embedded Control 
Modem, Fax, 
Data Communications 



Embedded Control 



General-Purpose 

datacom. 
High performance 

SCC software 
compatible upgrade 



CO 



CO 
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Part# 



Z86C91/Z8691 



Z86E21 



Z89C00 



Z86C93 



Z86C95 



Z86018 



Description 



R0MlessZ8» 



Z8» 8K OTP 



16-Bit Digital Signal 
Processor 



Enhanced Z8® 



Enhanced Z8® with DSP 



Zilog Datapath Controller (ZDPC) 



Process/Speed 



CMOS 16 MHz(C91) 
NM0S12MHz(91) 



CMOS 12, 16 MHz 



CMOS 10, 15 MHz 



CMOS 20, 25 MHz 



CMOS 24 MHz 



CMOS 40 MHz 



Features 



Full duplex UART 
2 Standby Modes 

(STOP and HALT) 
2x8 bit 

Counter/Timer 



8K OTP ROM 
256 Byte RAM 
Full-duplex UART 
2 Standby Modes 

(STOP and HALT) 
2 Counter/Timers 
ROM Protect option 
RAM Protect option 
Low EMI option 



1 6-bit Mac 75 ns 
2 data RAMs 

(256 words each) 
4K word ROM 
64Kx16Ext. ROM 
16-bit I/O Port 
74 instructions 
Most single cycle 
Two conditional branch 

inputs, two user outputs 
Library of software 



16x16 Multiply 1.7 us 
32x16 Divide 2.0 us 
Full duplex UART 
2 Standby Modes 

(STOP and HALT) 
316-bit Counter/Timers 
Pin compatible to 

Z86C91 (PDIP) 



8 channel 

8-bit ADC, 8-bit DAC 
16-bit Multiply/Divide 
Full duplex UART 
SPI (Serial Peripheral 

Interface) 
3 Standby Modes 

(STOP/HALT/PAUSE) 
Pulse Width Modulator 
3x1 6-bit timer 
16-bit DSP slave processor 
83 ns Mult./Accum. 



Full track read 

Automatic data transfer (Point & Go*) 
88-bit Reed Solomon ECC "on the fly" 
Full AT/IDE bus interlace 
64 KB SRAM buffer 
1 MB DRAM buffer 
Split data field support 
100-pin VQFP package 
JTAG boundary scan option 
Up to 8 KB buffer RAM 
reserved for MCU 



Package 



40-pin DIP 
44-pin PLCC 
44-pin QFP 



40-pin DIP 
44-pin PLCC 
44-pin QFP 



68-pin PLCC 
60-pin VQFP 



40-pin DIP 
44-pin PLCC 
44-pin QFP 
48-pin VQFP 



80-pin QFP 
84-pin PLCC 
100-pin VQFP 



100-pin VQFP 
100-pin QFP 



Application 



Disk Drives 
Modems 
Tape Drives 



Software Debug 
Z8* prototyping 
Z8» production runs 
Card Reader 



Disk Drives 
Tape Drives 
Servo Control 
Motor Control 



Disk Drives 
Tape Drives 
Modems 



Disk Drives 
Tape Drives 
Servo Control 
Motor Control 



Hard Disk Drives 
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CMOS 12 MHz 



4K ROM, 236 RAM 
2 Standby Modes 

2 Counter/Timers 
ROM Protect 
RAM Protect 

4 Ports (86C40/E40) 

3 Ports (86C30/E30) 
Brown-Out Protection 
2 Analog Comparators 
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Watch-Dog Timer 
Auto Power-On Reset 
Low Power option 
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Telephone Answering 
Controller with DSP LPC 
voice synthesis and DTMF 
detection and external 
ROM/RAM interface 



CMOS 20 MHz 



Z8» Controller 
16-bit DSP 
4K Word ROM 
8-bit A/D with AGC 
DTMF macro available 
LPC macro available 
10-bit PWM D/A 
Other DSP software 
options available 
External ROM/RAM 



31 I/O Pins 



68-pin PLCC 



General-Purpose DSP 
applications in TAD and 
other high-performance 
1-tape voice processors 



6K ROM 



RAM PORT CODEC INTF. 



RAM 
REFRESH 



43 DIGITAL I/O 



Z89C67 



Telephone Answering 
Controller with digital 
voice encode and decode 
DTMF detection and full 
memory control interface 



CMOS 20 MHz 



Z8» Controller 
24K ROM 
16-bit DSP 
6K Word ROM 
DTMF macro available 
LPC macro available 
10-bit PWM D/A 
Other DSP software 

options available 
ARAM/DRAM/ROM 

Controller & Interface 
Dual Codec Interface 
43 I/O 



84-pin PLCC 



Voice Processing, 
DSP applications in 
tapeless TAD and other 
high-performance 
1-tape voice processors 



Z8 


DSP 


6K DSP ROM 


CODEC INTF.| 


PWM 


RAM 


RAM 


REFRESH 


PORT 


27 DIGITAL I/O 



Z89C68 



Telephone Answering 
Controller with digital 
voice encode and decode 
DTMF detection and 
external ROM/RAM 
interface 



CMOS 20 MHz 



Z8" Controller 
64K ROM (external) 
16-bit DSP, 6K word ROM 
DTMF macro available 
LPC macro available 
10-bit PWM D/A 
Other DSP software 

options available 
ARAM/DRAM control/ 

interface 
External ROM/RAM 
Dual Codec Interface 
27 I/O 



84-pin PLCC 



Voice Processing, 
DSP applications in 
tapeless TAD and other 
high-performance 1-tape 
voice processors 
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Part# 



Z8BC27/1 27/97 



Z8G227 



Z86128 



Z86L06/L29 



Z86L70/71/72 

(Q193) 



Z86C40/E40 



Z86C61/62 



Description 



Z8* Digital Television 
Controller MCU with 
logic functions needed 
lor Television Controller, 
VCRs and Cable 



Standard DTC features 
with reduced ROM, 
RAM, PWM outputs 
lor greater economy 



Line 21 Controller 
(L21C~) for 
Closed Caption 
Television 



18-pin Z8® Consumer 
Controller Processor 
(CCH low-voltage and 
low-current battery 
operation 
1K-6KR0M 



Z8® (CCP1 low-voltage 
parts that have more 
ROM, RAM and special 
Counter/Timers for 
automated output 
drive capabilities 



Z8® Consumer Controller 
Processor (CCPT 

with 4K ROM (C40) 
E40 = OTP version 



Z8» MCU with 
Expanded 1/0's 
and16KR0M 



Process/Speed 



CMOS 4 MHz 



CMOS 4 MHz 



CMOS 12 MHz 



Low Voltage CMOS 8 MHz 



Low Voltage CMOS 8 MHz 



CMOS 12 MHz 



CMOS 16, 20 MHz 



Features 



Z8/DTC Architecture 
8K ROM, 256-byteRAM 
160x7-bit video RAM 
On-Screen Display 

(OSD) video controller 
Programmable color, size, 

position attributes 
13PWMsforD/A 

conversion 
128-characterset 
4Kx6-bit char. Gen. ROM 
Watch-Dog Timer (WDT) 
Brown-Out Protection 
5 Ports/36 pins 
2 Standby Modes 
Low EMI Mode 



Z8/DTC Architecture 
6K ROM, 256-byte RAM 
120x7-bit video RAM 
OSD on board 
Programmable color, 

size, position attributes 
7 PWMs 
96-character set 
3Kx6-bit character 

generator ROM 
Watch-Dog Timer (WDT) 
Brown-Out Protection 
3 Ports/20 pins 
2 Standby Modes 
Low EMI Mode 



Conforms to FCC 
Line 21 format 
Parallel or serial modes 
Stand-alone operation 
On-board data sync 

and slicer 
On-board character 
generator 

- Color 

- Blinking 

- Italic 

- Underline 



Z8° Architecture 
1KR0M&6K ROM 
Watch-Dog Timer 
2 Analog Comparators 
with output option 
2 Standby Modes 
2 Counter/Timers 
Auto Power-On Reset 
2 volt operation 
RC OSC option 
Low Noise option 
Brown-Out Protection 
High current drivers (2, 4) 



Z8* Architecture 

2K/8K/16KR0M 

Watch-Dog Timer 

2 Analog Comparators 
with output option 

2 Standby Modes 

2 Enhanced Counter/ 
Timers, Auto Pulse 
Reception/Generation 

Auto Power-On Reset 

2 volt operation 

RC OSC option 

Brown-Out Protection 

High current drivers (4) 



4K ROM, 236 RAM 
2 Standby Modes 
2 Counter/Timers 
ROM Protect 
RAM Protect 
4 Ports 

Brown-Out Protection 
2 Analog Comparators 
Low EMI 

Watch-Dog Timer 
Auto Power-On Reset 
Low Power option 



16K ROM 

Full duplex UART 

2 Standby Modes 

(STOP and HALT) 
2 Counter/Timers 
ROM Protect option 
RAM Protect option 
Pin compatible to 

Z86C21 
C61 =4 Ports 
C62 = 7Ports 



Package 



64-pin DIP 
52-pin active (127) 



40-pin DIP 



18-pin DIP 



18-pin DIP 
18-pin SOIC 







20-pin DIP (L71), 
18-pin DIP, SOIC (L70) 
40,44-pin DIP, PLCC, QFP 
(L72) 



40-pin DIP 



40-pin DIP (C61) 
44-pin PLCC.QFP (C61) 
68-pin PLCC (C62) 



Application 



Low-end Television 
Cable/Satellite Receiver 



Low-end Television 
Cable/Satellite Receiver 



TVs, VCRs, Decoders 



I.R. Controller 
Portable battery 
operations 



I.R. Controller 
Portable battery 
operations 



Window Control 
Wiper Control 
Sunroof Control 
Security Systems 
TAD 



Cable Television 
Remote Control 
Security 
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Part # 


Z8O307Z8OC3O 
Z8530/Z85C30 


Z85230/Z80230 
Z85233* 


Z16C35 


Z84C15 


Z80181 


Z80182 


Z16C30 


Z16C33 


Z16C32 


Description 


Serial Com. 
Controller 


Enhanced Serial 
Com. Controller 


Integrated Serial 
Com. Controller 


Intelligent Peripheral 
Controller 


Smart Access 
Controller 


Zilog Intelligent 
Peripheral 


Universal Serial 
Controller 


Mono-channel 
Universal Serial 
Controller 


Integrated Universal 
Serial Controller 


Process/ 
Speed/ 
Clock 
Data Rate 


NMOS: 4, 6, 8 MHZ 
CMOS: 8,10 

16 MHz 
2,2.5,4Mb/s 


CMOS: 10, 16 

20 MHz 
2.5,4.0,5.0Mb/s 


CMOS: 10, 16 MHz 
2.5, 4.0 Mb/s 


CMOS 6, 10,16 MHz 


10, 12.5 


CMOS 
16, 20 MHz 


CMOS: 20 MHz 
CPU Bus 
10 Mb/s 
20 Mb/s 


CMOS: 10 MHz 
CPU Bus 
10 Mb/s 


CM0S:20 MHz 
CPU Bus 
16 Mb/s 
20 Mb/s 


Features 


Two independent 

full-duplex 

channels 
Enhanced DMA 
support: 

10x19 status FIFO 
14-bit byte counter 
NRZ/NRZI/FM 


Full dual-channel 
SCC plus deeper 
FIFOs: 

4 bytes on Tx 

8 bytes on Rx 
DPLL counter per 

channel 
Software compatible 

to SCC 
"One channel of 

Z85230 


Full dual-channel 
SCC plus 4 DMA 
controllers and 
a bus interface 
unit 


Z80* CPU, SIO, CTC 

WDT, CGC 
The Z80 Family in 
one device 

Power-On Reset 

Two chip selects 

32-bit CRC 

WSG 
EV mode' 

3 and 5 Volt Version 


Complete Z180~ 
plus SCC/2 
CTC 

16 I/O lines 
Emulation Mode' 


Complete Static 
version of Z180 
plus ESCC 
(2 channels of 
85230) 
16550 MIMIC 
24 Parallel I/O 
Emulation Mode' 


Two dual-channel 
32-byte receive & 
transmit FIFOs 

16-bit bus B/W: 
18.2 Mb/s 

2 BRGs per channel 

Flexible 8/16-bit 
bus interface 


Single-channel 
(half of USCT plus 
Time Slot 
Assigner functions 
for ISDN 


Single-channel 
(half of USC) 
plus two DMA 
controllers 

Array chained and 
linked-list modes 
with ring buffer 
support 


Package 


40-pin DIP 
44-pin CERDIP 
44-pin PLCC 


40-pin DIP 
44-pin PLCC 
*44-pin QFP (85233) 


68-pin PLCC 


100-pin QFP 
100-pin VQFP 


100-pin QFP 


100-pin QFP 
100-pin VQFP 


68-pin PLCC 


68-pin PLCC 


68-pin PLCC 


Application 


General-Purpose 
datacom. 


General-Purpose 

datacom. 
High performance 

SCC software 


High performance 

datacom. 
SCC upgrades 


Intelligent peripheral 

controllers 
Modems 


Intelligent peripheral 

controllers 
Printers, Faxes, 
Modems, Terminals 


General-Purpose 
Embedded Control 
Modem, Fax, 
Data Communica- 
tions 


General-Purpose 

high-end datacom. 
Ethernet 
HDLC 
X.25 

Frame Relay 


General-Purpose 

high-end datacom. 
Ethernet 
HDLC 
X.25 

Frame Relay 


General-Purpose 

high-end datacom. 
Ethernet 
HDLC 
X.25 

Frame Relay 
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PIO 


SIO 


WDT 


SIO 


2C/T 


2K BYTES WSG 
SRAM 


PIA 


Z8 


OCPU 


Zl 


10 CPU 


Z80 CPU 


MMU 


C/Ser 
OSC 




CACHE 


WSG 




Z180 


S' 


80 
































Part* 


Z84C50 


Z84C90 


Z84013/C13 


Z84015/C15 


Z84011/C11 


Z80180/S180 


Z80280 


Z80181 


Z80182 


Description 


Z80/84C01 with 
2KSRAM 


Killer I/O 

(3 Z80 peripherals) 


Intelligent Peripheral 
Controller 


Intelligent Peripheral 
Controller 


Parallel I/O 
Controller 


High-performance 
Z80» CPU with 
peripherals 


1 6-bit Z80» code 
compatible CPU 
with peripherals 


Smart Access 
Controller 


Zilog Intelligent 
Peripheral 


Speed MHz 


10 


8,10,12.5 


6,10 


6,10,16 


6,10 


6, 8, 10, 16*. 20* 
-Z8S180 only 


10,12 


10,12.5 


16, 20 


Features 


Z80® CPU 
2 Kbytes SRAM 
WSG 
Oscillator 
Pin compatible 

with Z84C00 

DIP & PLCC 
EV mode' 

*84C01 is available 
as a separate part 


SIO, PIO, CTC 
plus 8 I/O lines 


Z80» CPU, SIO, CTC 
WDT, CGC, WSG, 
Power-On Reset 
2 chip selects 
EV mode' 


Z80® CPU, SIO, CTC 

WDT, CGC 
The Z80 Family in 

one device 

Power-On Reset 

Two chip selects 

32-bit CRC 

WSG 
EVmode' 


Z80» CPU, CTC, 

WDT 
40 I/O lines bit 

programmable 
Power-On Reset 
EVmode' 


Enhanced Z80 CPU 
MMU 1 Mbyte 
2 DMAs 
2 UARTs 

with BRGs 
C/Serial I/O Port 
Oscillator 
Z8S1 80 includes; 
Pwr dwn, Prgmble 
EMI, divide-by-one 
clock option 


16-bit code com- 
patible Z80* CPU 

Three stage pipeline 

MMU 16 Mbyte 

CACHE 256 byte 
Inst. & Data 

Peripherals 
4 DMAs, UART, 
3 16-bit C/T, 
WSG 

Z80/Z-BUS* interface 


Complete Z1 80 
plus SCC/2 
CTC 

16 I/O lines 
Emulation Mode' 


Complete Static 
Version 

ofZ180~plus ESCC 
(2 channels of 
Z85230) 
16550 MIMIC 
24 Parallel I/O 
Emulation Modes' 


Package 


40-pin DIP 
44-pin PLCC 
44-pin QFP 


84-pin PLCC 


84-pin PLCC 


100-pin QFP 
100-pin VQFP 


100-pin QFP 


64-pin DIP 
68-pin PLCC 
80-pin QFP 


68-pin PLCC 


100-pin QFP 


100-pin QFP 
100-pin VQFP 


Application 


Embedded 
Controllers 


General-purpose 
peripheral that 
can be used with 
Z80 and other 
CPU's 


Intelligent datacom 
controllers 


Intelligent peripheral 

controllers 
Modems 


Intelligent parallel- 
I/0 controllers 

Industrial display 
terminals 


Embedded Control 


Embedded Control 

Terminals 

Printers 


Intelligent peripheral 

controllers 
Printers, Faxes, 
Modems, Terminals 


General-Purpose 
Embedded Control 
Modem, Fax, 
Data Communications 



1 Allow use of existing development systems. 
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Z8036 
Z8536 


Z32H00 


Z5380 
Z53C80 


Z85C80 


Description 


Counter/Timer & parallel I/O Unit 
(CIO) 


Hyperstone 

Enhanced Fast Instruction 
Set Computer (EFISC) 
Embedded (RISC) Processor 


Small Computer System Interface 
(SCSI) 


Serial Communication Controller 
and Small Computer System 
Interface 


Process/ 
Speed 


NMOS 4,6 MHz 


CMOS 25 MHz 


CMOS 

Z5380:1.5 MB/s 
Z53C80: 3.0 MB/s 


CMOS 

SCC -10, 16 MHz 
SCSI -3.0 MB/s 


Features 


Three 16-bit 
Counter/Timers, 

Three I/O ports 
with bit catching, 
pattern matching 
interrupts and 
handshake I/O 


32-bit MPU 

4 Gbytes address space 
19 global and 64 local 

registers of 32 bits each 
128 bytes instruction cache 
1.2U.CM0S 
42 mm' die 


ANSI X3.131-1986 
Direct SCSI bus interface 
On-board 48 mA drivers 
Normal or Block mode DMA transfers 
Bus interface, target and initiator 


Full dual-channel SCC plus 
SCSI sharing databus and 
read/write functions 


Package 


40-pin PDIP 
44-pin PLCC 


144-pin PGA 
132-pin QFP 


Z5380: 40-pin DIP 
44-pin PLCC 

Z53C80: 48-pin DIP 
44-pin PLCC 


68-pin PLCC 


Application 


General-Purpose 
Counter/Timers 
and I/O system 
designs 


Embedded 
high-performance 
industrial controller 

Workstations 


Bus host adapters, 
formatters, host ports 


AppleTalk* 

networking 
SCSI disk drives 



Software and hardware compatible with discrete devices. 
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FEATURES 






■ 


16-Bit Single Cycle Instructions 


■ 


16-Bit I/O Port 


■ 


Zero Overhead Hardware Looping 


■ 


4K Words of On-Chip Masked ROM 


■ 


16-Bit Data 


■ 


Three Vectored Interrupts 


■ 


Ready Control for Slow Peripherals 


■ 


64K Words of External Program Address Space 


■ 


Single Cycle Multiply/Accumulate (100 ns) 


■ 


Two Conditional Branch Inputs/Two User Outputs 


■ 


Six-Level Stack 


■ 


24-Bit ALU, Accumulator and Shifter 


■ 


512 Words of On-Chip RAM 


■ 


IBM® PC Development Tools 


■ 


Static Single-Cycle Operation 







GENERAL DESCRIPTION 

The Z89C00 is a second generation, 16-bit, fractional, 
two's complement CMOS Digital Signal Processor (DSP). 
Most instructions, including multiply and accumulate, 
are accomplished in a single clock cycle. The processor 
contains 1 Kbyte of on-chip data RAM (two blocks of 
256 16-bit words), 4K words of program ROM and 64K 
words of program memory addressing capability. Also, 
the processor features a 24-bit ALU, a 1 6 x 1 6 multiplier, a 
24-bit Accumulator and ashifter. Additionally, the processor 
contains a six-level stack, three vectored interrupts and 
two inputs for conditional program jumps. Each RAM block 
contains a set of three pointers which may be incremented 
or decremented automatically to affect hardware looping 
without software overhead. The data RAMs can be 
simultaneously addressed and loaded to the multiplier for 
a true single cycle multiply. 

There is a 1 6-bit address and a 1 6-bit data bus for external 
program memory and data, and a 16-bit I/O bus for 
transferring data. Additionally, there are two general 
purpose user inputs and two user outputs. Operation with 
slow peripherals is accomplished with a ready input pin. 
The clock may be stopped to conserve power. 



Development tools for the IBM PC include a relocatable 
assembler, a linker loader, and an ANSI-C compiler. Also, 
the development tools include a simulator/debugger, a 
cross assembler for the TMS320 family assembly code 
and a hardware emulator. 

To assist the user in understanding the Z89C00 DSPQ15 
two's complement fractional multiplication, an application 
note has been included in this product specification as an 
appendix. 

Notes: 

All Signals with a preceding front slash, T, are active Low, e.g., 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 



Connection 


Circuit 


Device 


Power 


Vcc 




Ground 


GND 


Vss 



ID 
C 

3 



■n 
c 

3 

i 
3 
B 

o 



o 

3 
3 



Pointer 
0-2 



S-Bus 



256 Word 
RAM 




256 Word 
RAM 
1 



16-Bit Bus 



H 



Switch 



IT 



© 



16x16 
Multiplier 

24-bit© 



© 



24-Bit Bus 



/24 



P-Bus 



1,1 

j MUX | [ softer | 




ACC 



External Program ROM 



PD15-PD0 
16 



PA15-PA0 

he 



PD 



Register 
Pointer 
4-6 



1 



i! 



PA 



16 



Instruction 
Register 



D-Bus 



Switch 



Stack 



Status 
(5) 



PC 



16 



Ready 



/ROMEN 



4K 
Word 
ROM 



16-bit 
I/O 
Port 



16 

* / * EXT15-EXT0 



-/■ — /RDYE, ER//W, /El 



-t*-»- EA2-EA0 



Interrupt 



— INT2-INT0 



User 
Port 



UI1-UI0 



-/-*■ UO1-UO0 



o 
m 
z 
m 

> 



1 

3 



o 

o 

3 

c 

CD 
Q. 
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10 


PDO 


11 


PD1 


12 
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13 


PD3 


14 


PD4 


15 


PD5 


16 


PD6 


17 


PD7 


18 


PD8 


19 


PD9 


20 


PD10 


21 


PD11 


22 


PD12 


23 


PD13 


24 


PD14 


25 


PD15 


26 
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Figure 2. 68-Pin PLCC Pin Assignments 
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Table 1. 68-Pin PLCC Pin Identification 


No. 


Symbol 


Function 


Direction 


I- 9 

10 

II- 26 
27-38 


EXT15-EXT7 

V 

PD15-PD0 
PA11-PA0 


External data bus 
Ground 

Program data bus 
Program address bus 


Input/Output 
Input 
Input 
Output 


39 

40-43 
44-46 
47 


v DD 

PA15-PA12 

EA2-EA0 

/El 


Power Supply 
Program address bus 
External address bus 
R/W for external bus 


Input 
Output 
Output 
Output 


48 
49 
50 
51 


ER//W 
/RDYE 
/RES 
CLK 


External bus direction 

Data ready 

Reset 

Clock 


Output 
Input 
Input 
Input 


52 
53 

54-55 
56-58 


/ROMEN 
HALT 
UI1-UI0 
INT2-INT1 


Enable ROM 
Stop execution 
User inputs 
Interrupts 


Input 
Input 
Input 
Input 


59-60 
61-64 
65 

66-68 


UO1-UO0 
EXT3-EXT0 

EXT6-EXT4 


User outputs 
External data bus 
Ground 

External data bus 


Output 

Input/Output 

Input 

Input/Output 



PIN FUNCTIONS 

CLK. Clock (input). External clock. The clock may be 
stopped to reduce power. 

EXT15-EXT0. External Data Bus (input/output). Data bus 
for user defined outside registers such as an ADC or DAC. 
The pins are normally in output mode except when the 
outside registers are specified as source registers in the 
instructions. All the control signals exist to allow a read or 
a write through this bus. 

ER//W. External Bus Direction (output, active Low). Data 
direction signal for EXT-Bus. Data is available from the 
CPU on EXT1 5-EXTO when this signal is Low. EXT-Bus is in 
input mode (high-impedance) when this signal is High. 

EA2-EA0. External Address(output). User-defined register 
address output. Oneof eight user-defined external registers 
is selected by the processor with these address pins for 
read or write operations. Since the addresses are part of 
the processor memory map, the processor is simply 
executing internal reads and writes. 



/El. Enable Input (output). Write timing signal for EXT-Bus. 
Data is read by the external peripheral on the rising edge 
of /El. Data is read by the processor on the rising edge of 
CLK, not /El. 

HALT. Halt Sfafe(input). Stop Execution Control. The CPU 
continuously executes NOPs and the program counter 
remains at the same value when this pin is held High. This 
signal must be synchronized with CLK. 

INT2-INT0. Three Interrupts (rising edge triggered). 
Interrupt request 2-0. Interrupts are generated on the 
rising edge of the input signal. Interrupt vectors for the 
interrupt service starting address are stored in the program 
memory locations 0FFDH for INTO, 0FFEH for INT1 and 
0FFFH for INT2. Priority is : 2 = lowest, = highest. 

PA1 5-PAO. Program memory address bus (output) . For up 
to 64K x 16 external program memory. These lines are in- 
stated during Reset Low. 
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PD15-PD0. Program Memory Data Input (input). Instruc- 
tions or data are read from the address specified by PD1 5- 
PDO, through these pins and are executed or stored. 

/RES. Reset (input, active Low). Asynchronous reset signal. 
A Low level on this pin generates an internal reset signal. 
The /RES signal must be kept Low for at least one clock 
cycle. The CPU pushes the contents of the PC onto the 
stack and then fetches a new Program Counter (PC) value 
from program memory address OFFCH after the Reset 
signal is released. RES Low tri-states the PA and PD bases. 

/ROMEN. ROMEnable(\nput). An active Lowsignal enables 
the internal ROM. Program execution begins at 0000H 
from the ROM. An active High input disables the ROM and 
external fetches occur from address 0000H. 



/RDYE. Data Ready (input). User-supplied Data Ready 
signal for data to and from external data bus. This pin 
stretches the /El and ER//W lines and maintains data on the 
address bus and data bus. The ready signal is sampled 
from the rising edge of the clock with appropriate setup 
and hold times. The normal write cycle will continue from 
the next rising clock only if ready is active. 

UI1-UI0. Two Input Pins (input). General purpose input 
pins. These input pins are directly tested by the conditional 
branch instructions. These are asynchronous input signals 
that have no special clock synchronization requirements. 

UO1-UO0. Two Output Pins (output). General purpose 
output pins. These pins reflect the inverted value of status 
register bits S5 and S6. These bits may be used to output 
data by writing to the status register. 



ADDRESS SPACE 

Program Memory. Programs of up to 4K words can be 
masked into internal ROM. Four locations are dedicated to 
the vector address for the three interrupts (OFFDH-OFFFH) 
and the starting address following a Reset (OFFCH). Internal 
ROM is mapped from 0000H to OFFFH, and the highest 
location for program is OFFBH. If the /ROMEN pin is held 
high, the internal ROM is inactive and the processor 
executes external fetches from 0000H to FFFFH. In this 
case, locations FFFC-FFFF are used for vector addresses. 

Internal Data RAM. The Z89C00 has an internal 512 x 
16-bit word data RAM organized as two banks of 256 x 
1 6-bit words each , referred to as RAMO and RAM 1 . Each 
data RAM bank is addressed by three pointers, referred to 
asPn:0(n = 0-2)forRAM0andPn:1(n = 0-2) for RAM 1 . The 
RAM addresses for RAMO and RAMI are arranged from 
0-255 and 256-511 respectively. The address pointers, 
which may be written to or read from, are 8-bit registers 



connected to the lower byte of the internal 16-bit D-Bus 
and are used to perform no overhead looping. Three 
addressing modes are available to access the Data RAM: 
register indirect, direct addressing, and short form direct. 
These modes are discussed in detail later. The contents of 
the RAM can be read or written in one machine cycle per 
word without disturbing any internal registers or status 
other than the RAM address pointer used for each RAM. 
The contents of each RAM can be loaded simultaneously 
into the X and Y inputs of the multiplier. 

Registers. The Z89C00 has 12 internal registers and up to 
an additional eight external registers. The external registers 
are user definable for peripherals such as A/D or D/A or to 
DMA or other addressing peripherals. External registers 
are accessed in one machine cycle the same as internal 
registers. 
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FUNCTIONAL DESCRIPTION 

General. The Z89C00 is a high-performance Digital Signal 
Processor with a modified Harvard-type architecture with 
separate program and data memory. The design has been 
optimized for processing power and minimizing silicon 
space. 

Instruction Timing. Many instructions are executed in one 
machine cycle. Long immediate instructions and Jump or 
Call instructions are executed in two machine cycles. 
When the program memory is referenced in internal RAM 
indirect mode, it takes three machine cycles. In addition, 
one more machine cycle is required if the PC is selected as 
the destination of a data transfer instruction. This only 
happens in the case of a register indirect branch instruction . 

An Acc + P => Acc; a(i) * b(j) -> P calculation and 
modification of the RAM pointers, is done in one machine 
cycle. Both operands, a(i) and b(j), can be located in two 
independent RAM (0 and 1) addresses. 

Multiply/Accumulate. The multiplier can perform a 16-bit 
x 16-bit multiply or multiply accumulate in one machine 
cycle using the Accumulator and/or both the X and Y 
inputs. The multiplier produces a 32-bit result, however, 
only the 24 most significant bits are saved for the next 
instruction or accumulation. The multiplier provides a flow 
through operation whenever the X or Y register is updated, 
an automatic multiply operation is performed and the P 
register is updated. For operations on very small numbers 
where the least significant bits are important, the data 
should first be scaled by eight bits (or the multiplier and 
multiplicand by four bits each) to avoid truncation errors. 
Note that all inputs to the multiplier should be fractional 
two's complement 16-bit binary numbers. This puts them 
in the range [-1 to 0.9999695], and the result is in 24-bits 
so that the range is [-1 to 0.9999999] . In addition, if 8000H 
is loaded into both X and Y registers, the resulting 
multiplication is considered an illegal operation as an 
overflow would result. Positive one cannot be represented 
in fractional notation, and the multiplier will actually yield 
the result 8000H x 8000H = 8000H (-1 x -1 = -1). 



ALU. The 24-bit ALU has two input ports, one of which is 
connected to the output of the 24-bit Accumulator. The 
other input is connected to the 24-bit P-Bus, the upper 
1 6 bits of which are connected to the 1 6-bit D-Bus. A shifter 
between the P-Bus and the ALU input port can shift the 
data by three bits right, one bit right, one bit left or no shift. 

Hardware Stack. A six-level hardware stack is connected 
to the D-Bus to hold subroutine return addresses or data. 
The CALL instruction pushes PC+2 onto the stack. The 
RET instruction pops the contents of the stack to the PC. 

User Inputs. The Z89C00 has two inputs, UIO and UI1, 
which may be used by jump and call instructions. The jump 
or call tests one of these pins and if appropriate, jumps to 
a new location. Otherwise, the instruction behaves like a 
NOP. These inputs are also connected to the status register 
bits S10 and S1 1 which may be read by the appropriate 
instruction (Figure 3). 

User Outputs. The status register bits S5 and S6 connect 
through an inverter to UO0 and U01 pins and may be 
written to by the appropriate instruction. 

Interrupts. The Z89C00 has three positive edge triggered 
interrupt inputs. An interrupt is acknowledged at the end of 
any instruction execution. It takes two machine cycles to 
enter an interrupt instruction sequence. The PC is pushed 
onto the stack. A RET instruction transfers the contents 
of the stack to the PC and decrements the stack pointer 
by one word. The priority of the interrupts is = highest, 
2 = lowest. 

Registers. The Z89C00 has 1 2 physical internal registers 
and up to eight user-defined external registers. The EA2- 
EAO determines the address of the external registers. The 
/El, /RDYE, and ER//W signals are used to read or write 
from the external registers. 
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REGISTERS 



There are 12 internal registers which are defined below: 



Rpriister 


Reaister Definition 


p 


Output of Multiplier, 24-Bit, Read Only 


X 


X Multiplier Input, 16-Bit 


Y 


Y Multiplier Input, 16-Bit 


A 


Accumulator, 24-Bit 


SR 
Pn:b 
PC 


Status Register, 16-Bit 

Six Ram Address Pointers, 8-Bit Each 

Program Counter, 16-Bit 



The following are virtual registers as physical RAM does 
not exist on the chip. 

EXTn External registers, 16-bit 

BUS D-Bus 

Dn:b Eight Data Pointers 

P holds the result of multiplications and is read-only. 

X and Y are two 16-bit input registers for the multiplier. 
These registers can be utilized as temporary registers 
when the multiplier is not being used. The contents of the 
P register will change if X or Y is changed. 

A is a 24-bit Accumulator. The output of the ALU is sent to 
this register. When 16-bit data is transferred into this 
register, it goes into the 1 6 MSB's and the least significant 
eight bits are set to zero. Only the upper 16 bits are 



transferred to the destination register when the Accumulator 
is selected as a source register in transfer instructions. 

Pn:b are the pointer registers for accessing data RAM. 
(n = 0,1,2 refer to the pointer number) (b = 0,1 refers to 
RAM bank or 1 ). They can be directly read from or written 
to, and can point to locations in data RAM or indirectly to 
Program Memory. 

EXT(n) are external registers (n = to 7). There are eight 
16-bit registers here for accessing External data, 
peripherals, or memory. Note that the actual register RAM 
does not exist on the chip, but would exist as part of the 
external device such as an ADC result latch. 

BUS is a read-only register which, when accessed, returns 
the contents of the D-Bus. 

Dn:b refer to possible locations in RAM that can be used 
as a pointer to locations in program memory. The 
programmer decides which location to choose from two 
bits in the status register and two bits in the operand. Thus, 
only the lower 16 possible locations in RAM can be 
specified. At any one time there are eight usable pointers, 
four per bank, and the four pointers are in consecutive 
locations in RAM. For example, if S3/S4 = 01 in the status 
register, then D0:0/D1 :0/D2:0/D3:0 refer to locations 
4/5/6/7 in RAM bank 0. Note that when the data pointers are 
being written to, a number is actually being loaded to Data 
RAM, so they can be used as a limited method for writing 
to RAM. 
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REGISTERS (Continued) 



N 


OV 


Z 


C 


UI1 


UIO 


SH3 


OP 


IE 


U01 


UOO 








RPL 




S15 


S14 


S13 


S12 


S11 


S10 


S9 


S8 


S7 


S6 


S5 


S4 


S3 


S2 


S1 


SO 



Ram Pointer Loop Size 



1 000 

001 
1 

1 1 

1 00 
1 01 
1 1 

1 1 1 

"Short Form Direct" bits 
User Output 0-1 
Interrupt Enable 
Overflow protection 



256 
2 
4 
8 

16 
32 
64 
128 



Read 
and 
Write 



MPY output shifted right 
by 3 bit with sign extension 

User Input 0-1 

Carry 

Zero 

Overflow 

Negative 



— Read Only 



Figure 3. Status Register 



ST is the status register (Figure 3) which contains the ALU 
status and certain control bits as shown in the following 
table. 



Status 




Register Bit 


Function 


S15(N) 


ALU Negative 


S14(OV) 


ALU Overflow 


S13(Z) 


ALU Zero 


S12(L) 


Carry 


S11 (UI1) 


User Input 1 


S10(UI0) 


User Input 


S9 (SH3) 


MPY Output Shifted Right by Three Bits 


S8 (OP) 


Overflow Protection 


S7 (IE) 


Interrupt Enable 


S6(U01) 


User Output 1 


S5 (UOO) 


User Output 


S4-3 


"Short Form Direct" Bits 


S2-0 (RPL) 


RAM Pointer Loop Size 



RPL Description 



S2 


Si 


so 


Loop Size 











256 








1 


2 





1 





4 





1 


1 


8 


1 








16 


1 





1 


32 


1 


1 





64 



111 128 



The status register may always be read in its entirety. 
S15-S10 are set/reset by the hardware and can only be 
read by software. S9-S0 can be written by software. 
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S15-S12 are set/reset by the ALU after an operation. 
S11-10 are set/reset by the user inputs. S6-0 are control 
bits described elsewhere. S7 enables interrupts. S8, if 
(reset), allows the hardware to overflow. If S8 is set, the 
hardware clamps at maximum positive or negative values 
instead of overflowing. If S9 is set and amultiply instruction 
is used, the shifter shifts the result three bits right with sign 
extension. 



PC is the Program Counter. When this register is assigned 
as a destination register, one NOP machine cycle is added 
automatically to adjust the pipeline timing. 



RAM ADDRESSING 



The address of the RAM is specified in one of three ways 
(Figure 4): 



RAM Pointers %FF 
P0:0 | | 



P1:0 [ %37 p 
P2:0 I I 



@P1:0 
>■ %37 

%00 



®@P1:0 



RAMO 



RAMI 



256 x 16-Bit 



256 x 16-Bit 



%0321 



%FF RAM Pointers 

czzi - 



%04 



S4/S3 = 01 



Internal ROM 



%1000 




%0321 



%0000 — 



%00 

Data Pointers 



D0:0 
D1:0 
D2:0 
D3:0 





%0321 















D0:1 ■ 
D1:1 
D2:1 
D3:1 



^ I @D0:1 The following Instructions load 
%1 234 into the Accumulator 

LDA,@®P1:0 
LDA,®D0:1 



Figure 4. RAM, ROM, and Pointer Architecture 



Register Indirect 

Pn:b n = 0-2, b = 0-1 

The most commonly used method is a register indirect 
addressing method, where the RAM address is 
specified by one of the three RAM address pointers (n) 
for each bank (b). Each source/destination field in 
Figures 5 and 8 may be used by an indirect instruction 
to specify a register pointer and its modification after 
execution of the instruction. 



n1 nO 



D8 


D3 


D2 


D1 


DO 



RAM Pointer 
Operation 
RAM Bank 



Figure 5. Indirect Register 
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RAM ADDRESSING (Continued) 

The register pointer is specified by the first and second bits 
in the source/destination field and the modification is 
specified by the third and fourth bits according to the 
following table: 



D3-D0 




Meaning 


OOxx 


NOP 


No Operation 


01xx 


+ 1 


Simple Increment 


10xx 


-1/LOOP 


Decrement Modulo the Loop Count 


11xx 


+1/LOOP 


Increment Modulo the Loop Count 


xxOO 


PO:Oor P0:1 


See Note a. 


xxOl 


P1:0 orP1:1 


See Note a. 


xx10 


P2:0 or P2:1 


See Note a. 


XX11 




See Short Form Direct 



Note: 

a. If Bit 8 is zero, P0:0 to P2:0 are selected; if Bit 8 is one, P0:1 to P2:1 
are selected. 



When Loop mode is selected , the pointer to which the loop 
is referring will cycle up or down, depending on whether a 
-loop or +loop is specified. The size of the loop is obtained 
from the least significant three bits of the Status Register. 
The increment or decrement of the register is accomplished 
modulo the loop size. As an example, if the loop size is 
specified as 32 by entering the value 101 into bits 2-0 of 
the Status Register (S2-S0) and an increment +LOOP 
is specified in the address field of the instruction, i.e., the 
RPi field is 11 xx, then the register specified by RPi will 
increment, but only the least significant five bits will be 
affected. This means the actual value of the pointer will 
cycle round in a length 32 loop, and the lowest or highest 
value of the loop, depending on whether the loop is up or 
down, is set by the three most significant bits. This allows 
repeated access to a set of data in RAM without software 
intervention. To clarify, if the pointer value is 1 01 01 001 and 
if the loop = 32, the pointer increments up to 101 1 1 1 1 1 , 
then drops down to 10100000 and starts again. The upper 
three bits remaining unchanged. Note that the original 
value of the pointer is not retained. 



2. Direct Register 

The second method is a direct addressing method. 
The address of the RAM is directly specified by 
the address field of the instruction. Because this 
addressing method consumes nine bits (0-51 1 ) of the 
instruction field, some instructions cannot use this 
mode (Figure 6). 

Figures 8 to 12 show the different register instruction 
formats along with the two tables below Figure 8. 



b 


n3 


n2 


n1 


nO 


D8 


S3 


S2 


D3 


D2 



I RAM Address 

RAM Bank 

Figure 7. Short Form Direct Address 

3. Short Form Direct 

Dn:b n = 0-3, b = 0-1 

The last method is called Short Form Direct Addressing, 
where one out of 32 addresses in internal RAM can be 
specified. The 32 addresses are the 1 6 lower addresses 
in RAM BankO and the 16 lower addresses in RAM 
Bankl. Bit 8 of the instruction field determines RAM 
BankO or 1 . The 1 6 addresses are determined by a 4- 
bit code comprised of bits S3 and S4 of the status 
register and the third and fourth bits of the Source/ 
Destination field. Because this mode can specify a 
direct address in a short form, all of the instructions 
using the register indirect mode can use this mode 
(Figure 7). This method can access only the lower 16 
addresses in the both RAM banks and as such has 
limited use. The main purpose is to specify a data 
register, located in the RAM bank, which can then be 
used to point to a program memory location. This 
facilitates down-loading look-up tables etc. from 
program memory to RAM. 



bis 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO | 







RAM Address 

^ — ^ ^ — — Opcode 

Figure 6. Direct Internal RAM Address Format 
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INSTRUCTION FORMAT 

[ 



ID15 



D14 



D13 



D12 



D11 



D10 



D9 



D8 


D7 


D6 


D5 


D4 







D3 



D2 



DO 



Source field 
Destination field 
RAM Bank selection 
Opcode 



Note: 

Source/Destination fields can specify either register or 
RAM addresses in RAM pointer indirect mode. 



Figure 8. General Instruction Format 



A. Registers 



Source/Destination Register 



0000 BUS' 

0001 X 

0010 Y 

0011 A 



0100 SR 

0101 STACK 

0110 PC 

0111 P" 



1000 EXTO 

1001 EXT1 

1010 EXT2 

1011 EXT3 



1100 EXT4 

1101 EXT5 

1110 EXT6 

1111 EXT7 



B. Register Pointers Field 


Source/Destination 


Meaning 


OOxx 


NOP 


01xx 


+ 1 


10xx 


-1/LOOP 


11xx 


+1/LOOP 


xxOO 


P0:0 or P0:1* 


xx01 


P1:0 orP1:1* 


xx10 


P2:0 or P2:1* 


XX11 


Short Form Direct 




Mode 



Notes: 

" If RAM Bank bit is 0, then Pn:0 are selected. 

If RAM Bank bit is 1, then Pn:1 are selected. 
" Readonly. 



r 


DM 


D13|D12|D11 |D10 


D9 


D8 I D7 I D6 I D5 I D4 


D3 


D2 


D1 


DO | 













Short Immediate Data 

Reg. Pointer 

00 P0:0 

001 P1:0 
1 P2:0 
011 NA 

1 P0:1 

101 P1:1 

1 1 P2:1 

111 NA 

Opcode 
0001 1 



Figure 9. Short Immediate Data Load Format 
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INSTRUCTION FORMAT (Continued) 

|D15|D14 



D13 D12 D11 D10 



D9 



D8 



| D7 | D6 | 



D5 



D4 



D3 



D2 



|di [do I 



1st Word 



General Instruction Format 



|D15|D14 


D13 


D12 |mi 


mo 


D9 


D8 


- 




■ 


D4 


D3 


D2 









Immediate Data 



Figure 10. Immediate Data Load Format 



D15 



D14 



D13 



D12 



D11 



D10 



D8 D7 D6 D5 D4 D3 D2 D1 DO 



Shift right 
Shift left 
Increment (LSB) 
Decrement (LSB) 



ACC Modification Codes 

000 ROR Rotate right 

0001 ROL Rotate left 
010 SHR 
0011 SHL 

0100 INC 

0101 DEC 

0110 NEG 

0111 ABS 



Condition Codes 
TRUE 
00 1 — - 

0010 U01=0 

0011 UO1=0 

1 C =0 
0101 Z=0 

0110 OV=0 

0111 N=0 

1 xxx 

TRUE 

1 

010 UO0=1 
0011 U01=1 

1 C=1 
0101 Z=1 

0110 0V=1 

0111 N=1 

1 xxx 

= Negative Condition 

1 = Positive Condition 



Opcode 
1001000 



Figure 11. Accumulator Modification Format 
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D15 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO I 









1st Word 



Condition Codes 
TRUE 
1 — 

010 UO0=0 
0011 UO1=0 

01 00 C=0 
0101 Z=0 

0110 ov=o 

0111 N=0 
1xxx - - - - 

00 00 TRUE 

0001 

010 U00=1 
0011 U01=1 
010 C=1 
0101 Z=1 

0110 OV=1 

0111 N=1 

1 XXX 

Condition 

= Negative 
Condition 

1 = Positive Condition 

Opcode 

0100110 

Branch 

01 01 Call 



bis 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO I 





2nd Word 



Branch Address 



Figure 12. Branching Format 



D15 D14 D13 



3 |p-12 D11|C 



D10 I D9 I D8 I D7 I D6 I D5 I D4 I D3 



i | D2 [ D1 | Doj 



xx 10 Reset C flag 
x x 1 1 Set C flag 
xUO Reset IE Flag 

(Interrupt enable) 
x 1 x 1 Set IE Flag 
1 x x Reset OP Flag 

(Overflow protection) 
1 x x 1 Set OP Flag 

xxxx 

Opcode 

1 1 1 Mod 



Figure 13. Flag Modification Format 



PRELIMINARY 



Z89C00 

16-Brr Digital Signal Processor 



ADDRESSING MODES 



This section discusses the syntax of the addressing modes 
supported by the DSP assembler. The symbolic name is 


used in the discussion of instruction syntax in the instruction 
descriptions. 


Symbolic Name 


Syntax 


Description 


<pregs> 


Pn:b 


Pointer Register 


<dregs> 

(Points to RAM) 


Dn:b 


Holi Dome tor 

uaia negisier 


<hwregs> 


X,Y,PC,SR,P 
EXTnABUS 


UlirHunro Donictoro 

ndlGWdic r\ey ISlcib 


<accind> 

(Points to Program Memory) 


@A 


Accumulator Memory Indirect 


<direct> 


<expression> 


Direct Address Expression 



<limm> #<constexp> Long (16-bit) Immediate Value 



<simm> 


#<const exp> 


Short (8-bit) Immediate Value 


<regind> 


@Pn:b 


Pointer Register Indirect 


(Points to RAM) 


@Pn:b+ 


Pointer Register Indirect with Increment 




@Pn:b-L00P 


Pointer Register Indirect with Loop Decrement 




@Pn:b+L00P 


Pointer register Indirect with Loop Increment 


<memind> 

(Points to Program Memory) 


@@Pn:b 
@Dn:b 

@@Pn:b-L00P 
@@Pn:b+L00P 
@@Pn:b+ 


Pointer Register Memory Indirect 

Data Register Memory Indirect 

Pointer Register Memory Indirect with Loop Decrement 

Pointer Register Memory Indirect with Loop Increment 

Pointer Register Memory Indirect with Increment 



There are eight distinct addressing modes for transfer of 
data (Figure 4 and the table above). 

<pregs>, <hwregs> These two modes are used for simple 
loads to and from registers within the chip such as loading 
to the Accumulator, or loading from a pointer register. The 
names of the registers need only be specified in the 
operand field. (Destination first then source) 

<regind> This mode is used for indirect accesses to the 
data RAM . The address of the RAM location is stored in the 



pointer. The "@" symbol indicates "indirect" and precedes 
the pointer, so @P1 : 1 tells the processor to read or write to 
a location in RAMI , which is specified by the value in the 
pointer. 

<dregs> This mode is also used for accesses to the data 
RAM but only the lower 16 addresses in either bank. The 
4-bit address comes from the status register and the 
operand field of the data pointer. Note that data registers 
are typically used not for addressing RAM, but loading 
data from program memory space. 
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<memind> This mode is used for indirect, indirect accesses 
to the program memory. The address of the memory is 
located in a RAM location, which is specified by the value 
in a pointer. So @@P1 :1 tells the processor to read (write 
is not possible) from a location in memory, which is 
specified by a value in RAM, and the location of the RAM 
is in turn specified by the value in the pointer. Note that the 
data pointer can also be used for a memory access in this 
manner, but only one "@" precedes the pointer. In both 
cases the memory address stored in RAM is incremented 
by one each time the addressing mode is used to allow 
easy transfer of sequential data from program memory. 

<accind> Similar to the previous mode, the address for the 
program memory read is stored in the Accumulator. @A in 
the second operand field loads the number in memory 
specified by the address in A. 



CONDITION CODES 



The following table defines the condition codes supported 
by the DSP assembler. If the instruction description 
refers to the <cc> (condition code) symbol in one of its 



Name 


Description 


C 


Carry 


EQ 
F 


Equal (same as Z) 
False 


IE 


Interrupts Enabled 


Ml 


Minus 


NC 


No Carry 


NE 


Not Equal (same as NZ) 


NIE 


Not Interrupts Enabled 


NOV 


Not Overflow 


NUO 


Not User Zero 



<direct> The direct mode allows read or write to data RAM 
from the Accumulator by specifying the absolute address 
of the RAM in the operand of the instruction. A number 
between and 255 indicates a location in RAMO, and a 
number between 256 and 511 indicates a location in 
RAMI. 

<limm> This indicates a long immediate load. A 16-bit 
word can be copied directly from the operand into the 
specified register or memory. 

<simm> This can only be used for immediate transfer of 
8-bit data in the operand to the specified RAM pointer. 



1 



addressing modes, the instruction will only execute if the 
condition is true. 



Name 


Description 


NU1 


Not User One 


NZ 


Not zero 


OV 


Overflow 


PL 


Plus (Positive) 


UO 


User Zero 


U1 


User One 


UGE 


Unsigned Greater Than or 




Equal (Same as NC) 


ULT 


Unsigned Less Than (Same as C) 


Z 


Zero 
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INSTRUCTION DESCRIPTIONS 



Inst. 


Description 


Synopsis 


Operands 


Words 


Cycles 


Examples 


ABS 


Absolute Value 


ABS[<co,]<sro 


<cc>,A 
A 






ABS NC,A 
ABS A 


Ann 
ADD 


Addition 


ADD<dest>,<src> 


A,<pregs> 

A,<dregs> 

A,<limm> 

A,<memind> 

A,<direct> 

A,<regind> 

A,<hwregs> 


] 




Ann a Dn n 
AUU A.rll.U 

ADD A,D0:0 
ADD A,#%1234 
ADD A,@@P0:0 
ADD A,%F2 
ADDA,@P1:1 
ADD A,X 


Akin 

ANU 


RitiMieo AMR 
DllWISe ANU 


A[NU<aesi>,<src> 


n,<pregs> 

A,<dregs> 

A,<limm> 

A,<memind> 

A,<direct> 

A,<regind> 

A,<hwregs> 


| 
] 
1 
1 


| 

1 
1 


AMn a P9-n 

AND A,D0:1 

ANDA,#%1234 

ANDA,@@P1:0 

AND A,%2C 

AND A,@P1:2+L00P 

AND A.EXT3 


Mil | 

CALL 


Subroutine call 


CALL [<cc>,]<address> 


<cc>,<direct> 
<direct> 


2 
2 




CALL Z,SUb2 
CALLsubl 


CCF 


Clear carry flag 


CCF 


None 


1 




CCF 


CIEF 


Clear Carry Flag 


CIEF 


None 


1 




CIEF 


COPF 


Clear OP flag 


COPF 


None 


1 




COPF 


nn 

CP 


Comparison 


CP<src1>,<src2> 


A,<pregs> 

A,<dregs> 

A,<memind> 

A,<direct> 

A,<regind> 

A,<hwregs> 

A<limm> 


1 
1 
1 

1 
1 
1 

2 


| 
] 


CP A,P0:0 
CPA,D3:1 
CP A,@@P0:1 
CPA,%FF 
CP A,@P2:1+ 
CP A.STACK 
CP A,#%FFCF 


DEC 


Decrement 


DEC [<co,]<dest> 


<cc>A, 
A 


1 
1 




DEC NZ,A 
DEC A 


INC 


Increment 


INC [<cc>,] <dest> 


<co,A 
A 


1 
1 




INC PL,A 
INC A 


JP 


Jump 


JP [<co,]<address> 


<co,<direct> 
<direct> 


2 
2 


2 
2 


JP NIE.Label 
JP Label 
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Inst. Description Synopsis 


Operands 


Words Cycles 


Examples 


LD Load destination LD<dest>,<src> 


A,<hwregs> 


1 1 


LD A,X 


with source 


A,<dregs> 


1 1 


LD A,D0:0 




A,<pregs> 


1 1 


LD A,P0:1 




A,<regind> 


1 1 


LD A,@P1:1 




A,<memind> 


1 3 


LD A,@D0:0 




A,<direct> 


1 1 


LD A.124 




<direct>,A 


1 1 


LD124.A 




<dregs>,<hwregs> 


1 1 


LD D0:0,EXT7 




<pregs>,<simm> 


1 1 


LD P1:1,#%FA 




<pregs>,<hwregs> 


1 1 


LD P1:1,EXT1 




<regind>,<limm> 


1 1 


LD@P1:1,#1234 




<regind>,<hwregs> 


1 1 


LD @P1:1+,X 




<hwregs>,<pregs> 


1 1 


LD Y,P0:0 




<hwregs>,<dregs> 


1 1 


LD SR,D0:0 




<hwregs>,<limm> 


2 2 


LD PC,#%1234 




<hwregs>,<accind> 


1 3 


LD X,@A 




<hwregs>,<memind> 


1 3 


LD Y,@D0:0 




<hwregs>,<regind> 


1 1 


LD A,@P0:0-LOOP 




<hwregs>,<hwregs> 


1 1 


LD X.EXT6 



Note: If X or Y register is the destination, an automatic multiply 

operation is performed. 
Note: The P register is Read Only and cannot be destination. 
Note: LD EXT N , EXT N is not allowed. 
Note: LD A, @A is not allowed. 



MLD Multiply MLD<src1>,<src2>[,<bankswitch>] <hwregs>,<regind> 1 

<hwregs>,<regind>,<bankswitch> 1 

<regind>,<regind> 1 

<regind>,<regind>,<bank switch> 1 



1 MLD A,@P0:0+L00P 

1 MLDA,@P1:0,0FF 

1 MLD@P1:1,@P2:0 

1 MLD@P0:1,@P1:0,ON 



Note: If srd is <regind> it must be a bank 1 register. 

Src2's <regind must be a bank register. 
Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <band switch> defaults to OFF. 
For the operands <regind>, the <bank switch> defaults to ON. 



MPYA Multiply and add MPYA<src1>,<src2>[,<bankswitch>] <hwregs>,<regind> 1 1 MPYAA,@P0:0 

<hwregs>,<regind>,<bank switch> 1 1 MPYAA,@P1:0,0FF 

<regind>,<regind> 1 1 MPYA @P1 :1 ,@P2:0 

<regind>,<regind>,<bank switch> 1 1 MPYA@P0:1,@P1:O,ON 

Note: If srd is <regind> it must be a bank 1 register. 

Src2's <regind> must be a bank register. 
Note: <hwregs> for srd cannot be X or A. 
Note: For the operands <hwregs>, <regind> the <bank switch> defaults to 

OFF. For the operands <regind>, the <bank switch> defaults to ON. 
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INSTRUCTION DESCRIPTIONS (Continued) 



Inst. Description 



Synopsis 



Operands 



Words Cycles Examples 



MPYS Multiply and 
subtract 



MPYS<src1>,<src2>[,<bankswitch>] 



<hwregs>,<regind> 1 1 

<hwregs>,<regind>,<bank switch> 1 1 

<regind>,<regind> 1 1 

<regind>,<regind>,<bank switch> 1 1 



MPYS A,@P0:0 
MPYS A,@P1:0,OFF 
MPYS @P1:1,@P2:0 
MPYS@P0:1,@P1:0,0N 



Note: If srd is <regind> It must be a bank 1 register. 

Src2's <regind> must be a bank register. 
Note: <hwregs> for srd cannot be X or A. 

Note: For the operands <hwregs>, <regind>the <bank switch> defaults to OFF. 
For the operands <regind>, <regind> the <bank switch> defaults to ON. 



NEG 


Negate 


NEG <co,A 


<cc>, A 
A 




NEG MI.A 
NEGA 


NOP 


No operation 


NOP 


None 




NOP 


OR 


Bitwise OR 


OR <dest>,<src> 


A, <pregs> 
A, <dregs> 
A, <limm> 
m, <nieinirio> 
A, <direct> 
A, <regind> 
A, <hwregs> 


j - 

I 2 

i i 


OR A.P0:1 
OR A, D0:1 
OR A,#%2C21 

Un ft.WWrc. \ + 

0RA,%2C 
0RA,@P1:0-L00P 
OR A.EXT6 


POP 


Pop value 
from stack 


POP<dest> 


<pregs> 
<dregs> 
<regind> 
<hwregs> 




POP P0:0 
POP D0:1 
POP@P0:0 
POP A 


PUSH 


Push value 
onto stack 


PUSH <src> 


<pregs> 

<dregs> 

<regind> 

<hwregs> 

<limm> 

<accind> 

<memind> 


2 2 
1 3 
1 3 


PUSH P0:0 
PUSH D0:1 
PUSH @P0:0 
PUSH BUS 
PUSH #12345 
PUSH @A 
PUSH @@P0:0 


RET 


Return from subroutine 


RET 


None 


1 2 


RET 


RL 


Rotate Left 


RL <co,A 


<co,A 
A 


1 1 
1 1 


RL NZ,A 
RLA 


RR 


Rotate Right 


RR <co,A 


<co,A 
A 


1 1 
1 1 


RR C,A 
RR A 
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Inst. 


Description 


Synopsis 


Operands 


Words Cycles Examples 


SCF 


Set C flag 


SCF 


None 


1 1 SCF 


SIEF 


Set IE flag 


SIEF 


None 


1 1 SIEF 


SLL 


Shift left 


SLL 


[<cc>,]A 


1 1 SLL NZ,A 




logical 




A 


1 1 SLL A 


SOPF 


Set OP flag 


SOPF 


None 


1 1 SOPF 


onn 


Chift rinht 






1 1 SRA IM7 A 




arithmptip 

dl III 1! IIClll* 






1 1 SRA A 


SUB 


Subtract 


SUB<dest>,<src> 


A,<pregs> 


1 1 SUB A.P1:1 








A,<dregs> 


1 1 SUBA,D0:1 








n,<\\\\\\\\> 


9 9 CI IQ A jo/„9ror 
£ l OUD 








M, s.1 1 Id I II I WJ^ 


1 3 SUBA@D0-1 










1 1 SIIRA%1 c i 








A <rrpninri> 


1 1 SUB A @P2 0-LOOP 








A <rhwrpns> 

r\, *J ml Gy3^ 


1 1 SUB A STACK 


XOR 


Bitwise exclusive 


\ XOR <dest>,<src> 


A, <pregs> 


1 1 XORA,P2:0 








A, <dregs> 


1 1 X0RA,D0:1 








A, <limm> 


2 2 XOR A,#1 3933 








A, <memind> 


1 3 X0RA,@@P2:1+ 








A, <direct> 


1 1 XOR A,%2F 








A, <regind> 


1 1 XORA,@P2:0 








A, <hwregs> 


1 1 XORA.BUS 



BankSwitch Enumerations. The third (optional) operand 
of the MLD, MPYA and MPYS instructions represents 
whether a bank switch is set on or off. To more clearly 
represent this, two keywords are used (ON and OFF) 



which state the direction of the switch. These keywords are 
referred to in the instruction descriptions through the 
<bank switch> symbol. 
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ABSOLUTE MAXIMUM RATINGS 



Symbol Description Min Max Units 

V cc Supply Voltage(*) -0.5 7.0 V 

T STQ Storage Temp. -65° +150° C 

T A Oper. Ambient Temp, f C 

Notes: 

" Voltages on all pins with respect to ground, 
t See Ordering Information 



Stresses greater than those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This 
is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended period may affect 
device reliability. 



STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted . All voltages are referenced to ground . 
Positive current flows into the referenced pin (Test Load 
Diagram). 



From Output 
Under Test 



+5V 




2.1 KQ 



Test Load Diagram 



DC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ± 5%, T A = 0°C to +70°C unless otherwise specified) 



Symbol 


Parameter 


Condition 


Min. 


Max. 


Units 


u 

cc 
'cci 


Supply Current 
Halt Mode 


V cc = 5.25V 
fclock= 10 MHz 
V cc = 5.25V 

fclock = MHz (stopped) 


1 


60 
5 


mA 
mA 


V,L 

V 


Input High Level 
Input Low Level 
Input Leakage 




0-9 V cc 


0-1 v cc 

1 


V 
V 
uA 


^OH 

v 0L 


Output High Voltage 
Output Low Voltage 


I oh =-100mA 
l 0L = 0.5 mA 


Vco-0-2 


0.5 


V 
V 



Output Floating Leakage Current 
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AC ELECTRICAL CHARACTERISTICS 

(V cc = 5V ± 5%, T A = 0°C to +70°C unless otherwise specified) 



No. 


Symbol 


Parameter 


Min. 


Max. 


Units 


1 


TCY 


Clock Cycle Time 


100 


1000 


ns 


2 


PWW 


Clock Pulse Width 


45 




ns 


3 


Tr 


Clock Rise Time 


2 


4 


ns 


4 


Tf 


Clock Fall Time 


2 


4 


ns 


5 


TEAD 


EA.ER//W Delay from CK 


9 


33 


ns 


6 


TXVD 


EXT Data Output Valid from CLK 


5 


27 


ns 


7 


TXWH 


EXT Data Output Hold from CLK 


6 


22 


ns 


8 


TXRS 


EXT Data Input Setup Time 


15 




ns 


9 


TXRH 


EXT Data Input Hold from CLK 


5 


15 


ns 


10 


TIEDR 


/El Delay Time from Rising CLK Edge 


3 


15 


ns 


1 1 


I IhDh 


/bl Delay I ime from railing uLK Edge 





23 


ns 


I iL 


TIMO 
I llNO 


Interrupt Setup Time 







ns 


13 


TINL 


Interrupt Hold Time 


15 




ns 


14 


TP AD 


PA Delay from CLK 


5 


22 


ns 


15 


TPDS 


PD Input Setup Time 


20 




ns 


16 


TPDH 


PD Input Hold Time 


20 


28 


ns 


17 


TCTLS 


Halt Setup Time 


5 




ns 


18 


TCTLH 


Halt Hold Time 


20 




ns 


19 


RDYS 


Ready Setup Time 


10 




ns 


20 


RDYH 


Ready Hold Time 


7 




ns 
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AC TIMING DIAGRAM 
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Figure 14a. WRITE To External Device Timing 
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Figure 14b. READ From External Device Timing 
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AC TIMING DIAGRAM 
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Figure 14c. Write To External Device Timing 
(/RDYE used to hold data one clock cycle)* 



Note: * /RDYE is checked during rising edge of clock. 
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Figure 14d. Read From External Device Timing 
(/RDYE used to hold data one clock cycle)* 



Note: * /RDYE is checked during rising edge of clock. 
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Figure 14e. Memory Port Timing 
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Figure 14f. Interrupt and HALT Timing 
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PACKAGE INFORMATION 
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TDP VIEW 
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1. CONTROLLING DIMENSIONS i INCH 

2. LEADS ARE COPLANAR WITHIN .004 IN. 

3. DIMENSION . MM 

INCH 



SYMBOL 


MILLIMETER 


INCH 


MIN 


MAX 


MIN 


MAX 


A 


432 ■ 


4.57 


.170 


.180 


Al 


2.67 


2.92 


.105 


.115 


D/E 


2S.02 


25.40 


.985 


1.000 


Dl/El 


24.13 


24.33 


.950 


.958 


D2 


22.86 


23.62 


.900 


.930 


B 


1.27 TYP 


05(1 TYP 



68-Pin PLCC Package Diagram 
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ORDERING INFORMATION 



Z89C00 

10 MHz 

68-pin PLCC 
Z89C0010VSC 

15 MHz 

68-pin PLCC 
Z89C0015VSC 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 
Package 

V = Plastic Leaded Chip Carrier 

Temperature 

S = 0°C to +70°C 

Speeds 

10= 10 MHz 
15= 15 MHz 

Environmental 

C = Plastic Standard 

Example: 

Z 89C00 10 V S C is a Z89C00, 10 MHz, PLCC, 0°C to +70°C, Plastic Standard Flow 

' — Environmental Flow 

' Temperature 

' Package 

Speed 

' Product Number 

Zilog Prefix 



Z89C00 DSP 

Understanding Q15 Two's Complement 

FRACTIONAL MULTIPLICATION 



DSP multiply/accumulate instructions are computed in a single machine cycle with 
the Zilog Z89C00. This Application Note describes the two 's complement fractional 
multiplication process. 



INTRODUCTION 

DSP (Digital Signal Processor) multiplication is broken down into its elements in this Application Note. All the DSP 
requires is that the values to be multiplied are entered and the result will be given in one cycle. 

The Zilog Z89C00 uses fixed point, two's complement fractional representation . The left-most bit (MSB) has a sign 
or weight of -1 and all the remaining bits have positive fractional weights (Q1 5). Values to be multiplied are written 
into the X (1 6-bit) and Y (16-bit) registers and the result (32-bit) is read in the P register. Note that only the 24 most 
significant bits are saved for the next instruction or accumulation. 

The following working examples can be used with either a scientific calculator, a Lotus® 1-2-3® spreadsheet, or 
a Z89C00 Zilog DSP GUI emulator or PLC simulator/emulator interface. 



SCIENTIFIC CALCULATOR 

The calculator should, in addition to all the regular functions, have hexadecimal to decimal (HEX to DEC, DEC to 
HEX) and exclusive OR (XOR). Before beginning the multiplication, a couple of quick conversions from two's 
complement fractional notation numbers to decimal: 

Converting Positive Numbers: 

6FFF HEX -> 28671 DEC/32768 = 0.8749 DEC 
5ABC HEX -> 23228 DEC/32768 = 0.7088 DEC 
28AD HEX -> 10413 DEC/32768 = 0.3177 DEC 

0.8749 DEC • 32768 = 28671 DEC -> 6FFF HEX 
0.7088 DEC • 32768 = 23228 DEC -> 5ABC HEX 
0.3177 DEC* 32768= 10413 DEC -» 28AD HEX 

Converting Negative Numbers: 

HEX Two's Complement DEC Result 

8000 XOR with FFFF + 1 = 8000 -» DEC 32768/32768 • -1 = -1 .0000 
8008 XOR with FFFF + 1 = 7FF8 -> DEC 32760/32768 • -1 = -0.9997 

9ABC XOR with FFFF + 1 = 6544 -» DEC 25924/32768 • -1 = -0.791 1 



DEC Two's Complement HEX Result 

-1 .0000 • -1 = 1 .0000 • 32768 to HEX -» 8000 XOR with FFFF + 1 = 8000 
-0.9997 • -1 = 0.9997 • 32768 to HEX -> 7FF6 XOR with FFFF + 1 = 8008 
-0.791 1 • -1 = 0.791 1 • 32768 to HEX -> 6542 XOR with FFFF + 1 = 9ABC 
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8000H is 32768 (215 plus a sign bit) decimal. Everything that has a range of ±32768 to a range of -1 (the sign bit 
has a weight of -1) to +0.9999695 is being rescaled, hence, the division and multiplication by 32768. Note: 
Recorder can be taught to perform this function by using the windows calculator. 

One line of code is required before implementing the multiplication examples: 

Instruction Operation 
MLD@P0:1,@P0:0 @PO:1»@PO:0 

This instruction multiplies two RAM operands. The format requires that RAM Bank 1 be referenced first. 



Example 1 : (+ve) • (+ve) 

Multiplying a positive two's complement fractional notation number with a positive two's complement fractional 
notation number: 

((+ve) • (+ve)) »2) 

a. Multiply 

b. Shift left 1 bit (Multiply by 2) 

c. Use only top 4 bytes 

6FFF • 6FFF 

6FFF (Place in X register) 
x 6FFF (Place in Y register) 
30FF2001 

x 2 (Multiply »2 equivalent to shift left 1 bit) 

61FE4002 

61 FE40 (Save only top 6 bytes. This is what appears in the P register) 
61 FE (Use only top four bytes) 

In summary, 

6FFF HEX (0.8749 DEC) • 6FFF HEX (0.8749 DEC) = 61 FE HEX (0.7655 DEC) 


Example 2: (-ve) • (-ve) 

Multiplying a negative two's complement fractional notation number with a negative two's complement fractional 
notation number: 

((XOR(-ve,FFFF)+1) • (XOR(-ve,FFFF)+1)) «2 

a. Take Two's Complement of both -ve negative numbers (XOR with FFFF then add 1) 

b. Multiply results 

c. Shift left 1 bit (Multiply by 2) 

d. Use only top 4 bytes 

9DAB • AEAF 

6255 (Two's Complement of 9DAB, i.e., XOR(9DAB, FFFF) +1) 

x 5151 (Two's Complement of AEAF, i.e., XOR(AEAF.FFFF) +1) 
1F3C01E5 

x 2 (Multiply «2 equivalent to shift left 1 bit) 

3E7803CA 

3E7803 (Save only top 6 bytes. This is what appears in the P register) 

3E78 (Use only top four bytes) 



In summary, 



9DAB HEX (-0.7682 DEC) • AEAF HEX (-0.6352 DEC) = 3E78 HEX (0.4880 DEC) 
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Example 3: (-ve) • (+ve) 

Multiplying a negative two's complement fractional notation number with a positive two's complement fractional 
notation number: 



(XOR((((XOR(-ve,FFFF)+1) • (+ve)) '2),FFFF)) +1 

a. Take Two's Complement of -ve (XOR with FFFF then add 1 ) 

b. Multiply result with +ve 

c. Shift left 1 bit (Multiply by 2) 

d. Take Two's Complement -ve (XOR with FFFF then add 1) 

e. Use only top 4 bytes 

9DAB • 6FFF 

6255 (Two's Complement of 9DAB, i.e., XOR(9DAB,FFFF) +1) 

x £FFF 

2B04CDAB 

x 2 (Multiply »2 equivalent to shift left 1 bit) 

56099B56 



A9F664AA (Two's Complement) 

A9F664 (Save only top 6 bytes. This is what appears in the P register) 
A9F6 (Use only top four bytes) 

In summary, 

9DAB HEX (-0.7682 DEC) • 6FFF HEX (0.8749 DEC) = A9F6 HEX (-0.6721 ) 



Be especially careful to note the truncations that take place which are normally implicit in this type of mathematics. 
Although the multiplier produces a 32-bit result, only the 24 most significant bits are saved. For example, if this 
result is saved temporarily in a RAM BANK, then only the 16 most significant bits are saved. If greater precision 
(using very small numbers) is required, then the data should be scaled before doing the multiplication. 

NOTE: The DSP is designed for two's complement fractional multiplies and is useless for scalar multiplication. 



LOTUS 

LOTUS spreadsheet software can be used to make conversions and do two's complement fractional multiplica- 
tion. Convert from HEX to decimal and multiply both decimal numbers together and reconvert the result to HEX. 
When converting from decimal to HEX, use HEX 16° = 1, 16 1 = 16, 16 2 = 256, and 16 3 = 4096. The equivalent 
decimal value is checked for sign, and, by dividing by 16 3 , 16 2 , 16\ and 16°, is converted to HEX. This version was 
tested and written using a UNIX™ version of LOTUS but it should work on most versions of LOTUS. LOTUS does 
not have a hexadecimal format. However, conversions can still be done as shown in the following example: 

Q15 

NOTE: Enter hex value in "HEX to" as a character string, i.e., '6ff9. 



DEC to 

-0.67217 



HEX 

A9F6 



•32768 

43510.39 



4096 

10.62265 



256 

9.962474 



16 

15.39958 



1 

6.393219 



A 9 F 6 



HEX to 

9dab 
6fff 



DEC 

-0.76822 

0.874969 
-0.67217 



13 
15 



10 
15 



11 
15 



40363 
28671 



9 d a b 
6 f f f 



In the spreadsheet, enter the two numbers to be multiplied 9dab and 6fff as above. These numbers are converted 
to decimal, multiplied together, and then reconverted to HEX. 

In summary, 

9DAB HEX (-0.7682 DEC) • 6FFF HEX (0.8749 DEC) = A9F6 HEX (-0.6721) 
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The equations used for the spreadsheet are listed below row by row, but must be entered in the appropriate cells 
as indicated below: 

A:A1: [W9] 'Q15 

A:C1 : [W9] 'NOTE: Enter hex value in "HEX to" as character string, i.e., '6ff9 

A:A3: [W9] 'DEC to 

A:C3: [W9] 'HEX 

A:D3: [W9] "32768 

A:E3: [W9] 4096 

A:F3: [W9] 256 

A:G3: [W9] 16 

A:H3: [W9] 1 

A:A5: [W9] +C1 1 

A:C5: [W9] +I5&J5&K5&L5 

A:D5: [W9] (@IF((A5*32768)>1,(A5*32768),(2A16+(A5*32768)))) 

A.E5: [W9] (D5/$E$3) 

A:F5: [W9] ((E5-(@INT(E5)))*$E$3/$F$3) 

A:G5: [W9] ((F5-(@INT(F5)))*$F$3)/$G$3 

A:H5: [W9] (G5-@INT(G5))*$G$3 

A:I5: [W2] @CHOOSE((@INT(E5)),"0","1 ","2","3","4","5","6","7","8","9" 1 "A" 1 "B","C","D","E","F","0") 

A:J5: [W2] @CHOOSE((@INT(F5)),''0 ,, ,' , 1^''2^' , 3^''4^ ,, 5^''6^V^''8' , ,' , 9^"A , ^' , B^"C , ', ,, D' , ,''E' , , ,, F'',''0'') 

A:K5: [W2] @CHOOSE((@INT(G5)), ,, 0^ , •1' , ,''2^"3■,'•4",''5■,''6 , ','7 , ,''8 , ',''9^' , A ,, ,''B , ',''C , ', , 'D , ',' , E",''F'•,''0 , ') 

A:L5: [W2] @CHOOSE((@INT(H5)),"0; n 1-, , '2 , , ,, 3","4 , ,"5","6 , , , '7","8-,"9 , ,"A'',"B'',''C'', , 'D",''E'',''F",''0-) 

A:A7: [W9] 'HEX to 

A:C7: [W9] 'DEC 

A:A9: [W9] '9dab 

A:C9: [W9] (@IF((H9/32768)<1,(H9/32768),((-2A16+H9)/32768))) 

A:D9: [W9] @IF(@ISSTRING(I9),@C0DE(I9)-87,I9) 

A:E9: [W9] @IF(@ISSTRING(J9),@CODE(J9)-87,J9) 

A:F9: [W9] @IF(@ISSTRING(K9),@CODE(K9)-87,K9) 

A:G9: [W9] @IF(@ISSTRING(L9),@CODE(L9)-87,L9) 

A:H9: [W9] +D9*$E$3+E9*$F$3+F9*$G$3+G9 

A:I9: [W2] @IF(@CODE(@MID($A9,0,1))<58,@VALUE(@MID($A9,0,1)),@MID($A9,0,1)) 

A: J9: [W2] @IF(@CODE(@MID($A9, 1 , 1 ))<58,@VALUE(@MID($A9, 1 , 1 )),@MID($A9, 1,1)) 

A:K9: [W2] @IF(@CODE(@MID($A9,2, 1 ))<58,@VALUE(@MID($A9,2, 1 )),@MID($A9,2, 1 )) 

A:L9: [W2] @IF(@CODE(@MID($A9,3,1))<58,@VALUE(@MID($A9,3,1)),@MID($A9,3,1)) 

A-.A10: [W9] '6fff 

A:C1 0: [W9] (@IF((H 1 0/32768)< 1 ,(H1 0/32768),((-2* 1 6+H1 0)/32768))) 

A:D10: [W9] @IF(@ISSTRING(I10),@CODE(I10)-87,I10) 

A:E10: [W9] @IF(@ISSTRING(J10),@CODE(J10)-87,J10) 

A:F10: [W9] @IF(@ISSTRING(K10),@CODE(K10)-87,K10) 

A:G10: [W9] @IF(@ISSTRING(L10),@CODE(L10)-87,L10) 

A:H10: [W9] +D10*$E$3+E10*$F$3+F10*$G$3+G10 

A:l 1 0: [W2] @IF(@CODE(@MID($A1 0,0,1 ))<58,@VALUE(@MID($A1 0,0, 1 )),@MID($A1 0,0, 1 )) 

A:J10: [W2] @IF(@CODE(@MID($A10,1,1))<58,@VALUE(@MID($A10,1,1)),@MID($A10,1,1)) 

A:K10: [W2] @IF(@CODE(@MID($A10,2,1))<58 1 @VALUE(@MID($A10,2,1)),@MID($A10,2,1)) 

A:L10: [W2] @IF(@CODE(@MID($A10,3,1))<58,@VALUE(@MID($A10,3,1)),@MID($A10,3,1)) 

A:C11: [W9] +C9*C10 



Lotus and 1-2-3 are registered trademarks of Lotus Development Corp. 
UNIX is a trademark of Bell Laboratories. 
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preliminary Product Specification 

Z89120 

Z89920 (ROMLESS) 

16-bit Mixed Signal Processor 



FEATURES 

■ Z8® Microcontroller with 47 I/O Lines 

■ 24 Kbytes of Z8 Program ROM (Z891 20) 

■ 256 Bytes On-Chip Z8 RAM 

■ Watch-Dog Timer and Power-On Reset 

■ Low Power STOP Mode 

■ On-Chip Oscillator which Accepts a Crystal 
or External Clock Drive 

■ Two 8-Bit Z8 Counter Timers with 6-Bit Prescaler 

■ Global Power-Down Mode 

■ Low Power Consumption - 200 mW (Typical) 

■ Two Comparators with Programmable Interrupt Priority 

■ Six Vectored, Z8 Priority Interrupts 

■ RAM and ROM Protect 

■ Clock Speed of 20.48 MHz 

■ Z89C00 Core 1 6-Bit Digital Signal Processor (DSP) 



4K Words DSP Program ROM 

512 Words On-Chip DSP RAM 

8-Bit A/D Converter with up to 128 kHz Sample Rate 

10-Bit PWM D/A Converter (4 kHz to 64 kHz) 

Two DSP Timers to Support Different A/D and 
D/A Sampling Rates (Automatic Triggering — 
A/D + D/A may be Asynchronous Triggered) 

Zero Overhead Hardware Looping 

16-Bit Single Cycle DSP Instructions 

16-Bit Single Cycle DSP Multiply/Accumulate 

Six-Level DSP Stack 

24-Bit DSP ALU, Accumulator and Shifter 
Three Vectored DSP Interrupts 
Independent Z8 and DSP Operations 
IBM® PC-Based Development Tools 








pins are provided to increase noise immunity. The A/D has 
external reference inputs wich may be connected to the Z8 
ports to affect two-three extra bits of automatic gain con- 
trol/dynamic range. 

The Z8 and DSP processors are loosely coupled by 
mailbox registers and an interrupt system. DSP or Z8 
programs may be directed by events in each other's 
domain. 

The Z89920 is the ROMIess version of the Z89120. In the 
Z89920, only the Z8 is ROMIess, the DSP is not ROMIess. 
The DSP's program memory is always the internal ROM. 



GENERAL DESCRIPTION 

The Z891 20/920 is a fully integrated, mixed signal, dual 
processor chip system designed for lower sample rates 
such as audio, telephone, security systems, modem, faxes, 
instrumentation, noise cancellation, and sonar. The I/O 
control processor is a Z8® with 24 Kbytes of program 
memory, two 8-bit counter timers, and up to 47 I/O pins. 
The DSP is a 16-bit processor with a 24-bit ALU and 
Accumulator, 512 x 16 bits of RAM, single cycle instruc- 
tions, and 6K word program ROM memory. The chip also 
contains an 8-bit A/D converter with up to 1 28 kHz sample 
rate and 1 0-bit PWM D/A converter. The sampling rates for 
the converters are independently programmable. The 
precision of the 8-bit A/D may be extended by resampling 
the data at a lower rate in software. Separate power supply 
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Z8® Core Processor 

The Z8 is Zilog's 8-bit microcontroller core with an Ex- 
panded Register File to allow access to register-mapped 
peripheral and I/O circuits and the DSP. The Z8 offers a 
flexible I/O scheme, an efficient register and address 
space structure, and a number of ancillary features. The 
Z8 pipelined instructions and register file memory provide 
improved programming efficiency. 

For applications demanding powerful I/O capabilities, the 
Z891 20/920 fulfills this with 47 pins dedicated to input and 
output. These lines are grouped into five ports. Each port 
is configurable under software control to provide timing, 
status signals and parallel I/O with or without handshake. 

There are four basic memory resources for the Z8 that are 
available to support a wide range of configurations: Pro- 
gram Memory, Register File, Data Memory, and Expanded 
Register File. The Z8 core processor is characterized by 
an efficient register file that allows any of 256 on-board 
data and control registers to be the source and/or the 
destination of almost any instruction. Traditional micropro- 
cessor Accumulator bottlenecks are eliminated. 

The Register File is composed of 236 bytes of general- 
purpose registers, four I/O port registers, and 15 control 
and status registers. The Expanded Register File consists 
of control registers, mailbox registers, two additional tim- 
ing registers and data registers. Peripheral control regis- 
ters and an additional Port 4 and Port 5 are mapped into the 
expanded-register file to further enhance the system per- 
formance and code efficiency. 

To unburden the software from supporting the real-time 
problems, such as counting/timing and data communica- 
tion, the Z8 offers two on-chip counter/timers with a large 
number of user selectable modes. 

Watch-Dog Timer (WDT) and Stop-Mode Recovery (SMR) 
features are software driven by setting specific bits in 
control registers. 

STOP and HALT instructions support reduced power op- 
eration. The low power STOP mode allows parameter 
information to be stored in the register file if power fails. An 
external capacitor or battery retains power to the device. 



DSP Coprocessor 

The DSP coprocessor is a second generation, 1 6-bit two's 
complement CMOS Digital Signal Processor (DSP). Most 
instructions, including multiply and accumulate, are ac- 
complished in a single clock cycle. The processor con- 
tains two on-chip data RAM blocks of 256 words, a 4K word 
program ROM, 24-bit ALU, 16 x 16 multiplier, 24-bit Accu- 
mulator, shifter, six-level stack, three vectored interrupts 
and two inputs for conditional program jumps. Each RAM 
block contains a set of four pointers which may be 
incremented or decremented automatically to affect hard- 
ware looping without software overhead. The data RAMs 
can be simultaneously addressed and loaded to the mul- 
tiplier for a true single cycle scalar multiply. 

Four extended DSP registers are mapped into the ex- 
panded registerfile of theZ8. Communication between the 
Z8 and the DSP occurs through those common registers 
which form the mailbox registers. 

Analog Interface 

The analog signal is generated by a 1 0-bit resolution Pulse 
Width Modulator D/A converter. The PWM output is a 
digital signal with CMOS output levels. The output signal 
has a resolution of 1 in 1024 with a sampling rate of 16 kHz 
(XTAL = 20.48 MHz). The sampling rate can be changed 
under software control and can be set at 4, 10, 16, and 64 
kHz. The dynamic range of the PWM is from to 4V. 

An 8-bit resolution half flash A/D converter is provided. The 
conversion is conducted with a sampling frequency of 8, 
16, 32, 64, or 128 kHz. (XTAL = 20.48 MHz) in order to 
provide oversampling. The input signal maybe up to 5V 
peak to peak. Normally input signals are level shifted to 
2.5V with a ±2.5V deviation. 

The reference voltages for the A/D converter can be 
adjusted by the Z8 by external connection to provide 
automatic gain control. 

Two additional timers (Timer2 and Timer3) have been 
added to support different sampling rates for the A/D and 
D/A converters. These timers are free running counters 
that divide the crystal frequency. 

Notes: 

All signals with a preceding front slash, are active Low, e.g., 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 
Connection Circuit Device 



Power 
Ground 
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Figure 2. Z89120 68-Pin Plastic Leaded Chip Carrier, Pin Assignments 
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Table 1. Z89120 68-Pin Plastic Leaded Chip Carrier, Pin Identification 



Pin# Symbol 


Function 


Direction 


1 


/R/RL 


ROM/ROMIess 


Control Input 


2 


V DD 


Power Supply 




o 
<J 


r\JH 


Port 0, Bit 4 


Input/Output 


A 


PRO 


Port 5, Bit 


Input/Output 


5 


P57 


Port 5, Bit 7 


Input/Output 


6 


P03 


Port 0, Bit 3 


Input/Output 


7 
I 


pno 


Port 0, Bit 2 


Input/Output 


Q 
O 


pm 

rU I 


Port 0, Bit 1 


Input/Output 


9 


POO 


Port 0, Bit 


Input/Output 


10 


XTAL2 


Crystal Oscillator Clock 


Output 


1 1 


YTA I 1 
A I ALT 


Crystal Oscillator Clock 


Input 


1 


P99 

\ C.C. 


Port 2, Bit 2 


Input/Output 


13 


P56 


Port 5, Bit 6 


Input/Output 


14 


P23 


Port 2, Bit 3 


Input/Output 


I o 


roo 


Port 5, Bit 5 


Input/Output 




P^A 


Port 5, Bit 4 


Input/Output 


17 


GND 


Ground 




18 


P17 


Port 1 , Bit 7 


Input/Output 


1Q 


Prm 


Port 0, Bit 5 


Input/Output 




DO/1 


Port 2, Bit 4 


Input/Output 


21 


P16 


Port 1, Bit 6 


Input/Output 


22 


P25 


Port 2, Bit 5 


Input/Output 


23 


P15 


Port 1 , Bit 5 


Input/Output 


o/ 


DOR 


Port 2, Bit 6 


Input/Output 


25 


P27 


Port 2, Bit 7 


Input/Output 


26 


NC 


Not Connected 




27 


P31 


Port 3, Bit 1 


Input 


28 


P32 


Port 3, Bit 2 


Input 


29 


P33 


Port 3, Bit 3 


Input 


30 


P34 


Port 3, Bit 4 


Output 


31 




Power Supply 




32 


P35 


Port 3, Bit 5 


Output 


33 


P14 


Port 1 , Bit 4 


Input/Output 


34 


DSP1 


DSP User Output 1 


Output 



Pin# 


Symbol 


Function 


Direction 


35 


DSP0 


DSP User Output 


Output 


36 


P36 


Port 3, Bit 7 


Output 


37 


P13 


Port 1 , Bit 3 


Input/Output 


38 


P37 


Port 3, Bit 7 


Output 


39 


P40 


Port 4, Bit 


Input/Output 


40 


P12 


Port 1 , Bit 2 


Input/Output 


41 


P06 


Port 0, Bit 6 


Input/Output 


42 


P41 


Port 4, Bit 1 


Input/Output 


43 


P42 


Port 4, Bit 2 


Input/Output 


44 


NC 


Not Connected 




45 


P43 


Port 4, Bit 3 


Input/Output 


46 


P44 


Port 4, Bit 4 


Input/Output 


47 


P45 


Port 4, Bit 5 


Input/Output 


48 


P53 


Port 5, Bit 3 


Input/Output 


49 


P46 


Port 4, Bit 6 


Input/Output 


50 


P11 


Port 1 , Bit 1 


Input/Output 


51 


P47 


Port 4, Bit 7 


Input/Output 


52 


P10 


Port 1 , Bit 


Input/Output 


53 


PWM 


Pulse Width Modulator 


Output 


54 


R//W 


Read/Write 


Output 


55 


/RESET 


Reset 


Input 


56 


/AS 


Address Strobe 


Output 


57 


AN G N D 


Analog Ground 




58 


v D „ 

REF- 


Analog Voltage Ref. 


Input 


59 


AN, N 


Analog Input 


Input 


60 


V 

REF+ 


Analog Voltage Ref. 


Input 


61 


ANV DD 


Analog Power Supply 




62 


GND 


Ground 




63 


P07 


Port 0, Bit 7 


Input/Output 


64 


P20 


Port 2, Bit 


Input/Output 


65 


P21 


Port 2, Bit 1 


Input/Output 


66 


P52 


Port 5, Bit 2 


Input/Output 


67 


P51 


Port 5, Bit 1 


Input/Output 


68 


/DS 


Data Strobe 


Output 
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Figure 3. Z89920 68-Pin Plastic Leaded Chip Carrier, Pin Assignments 
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Table 2. Z89920 68-Pin Plastic Leaded Chip Carrier, Pin Identification 



Pin # 


Symbol 


Function 


Direction 


Pin # 


Symbol 


Function 


Direction 


1 


NC 


Not Connected 




35 


DSP0 


DSP User Output 


Output 


2 


^DD 


Power Supply 




36 


P36 


Port 3, Bit 7 


Output 


o 


P04 
r u*t 


Port Rit 4 

rui L U, Oil H 


Inni it/Oi itni it 


37 


P13 


Pnrt 1 Rit 3 

r ui l i , uu u 


Inni it/Oi itni it 


4 


P50 


Port 5, Bit 


Input/Output 


38 


P37 


Port 3, Bit 7 


Output 


5 


P57 


Port 5, Bit 7 


Input/Output 


39 


P40 


Port 4, Bit 


Input/Output 


6 


P03 


Port 0, Bit 3 


Input/Output 


40 


P12 


Port 1 , Bit 2 


Input/Output 




P02 


Pnrt Rit 9 
r ui i u, oi i £i 


Inm it/Oi itni it 

II I|JUL/UUIUUI 


41 


P06 


Pnrt (1 Rit 


Inni it/Oi itni it 

II 1 |JU Vj W U L|JU L 


8 


P01 


Port 0, Bit 1 


Input/Output 


42 


P41 


Port 4, Bit 1 


Input/Output 


9 


POO 


Port 0, Bit 


Input/Output 


43 


P42 


Port 4, Bit 2 


Input/Output 


10 


XTAL2 


Crystal Oscillator Clock 


Output 


44 


/SYNC 


Synchronize Pin 


Output 


-| -| 


XTAL1 


("VwQtpl OQrMllatnr f^lnnk 

OI yoldl wouillaiui OHJL<r\ 


In put 


45 


P43 


Pnrt 4 Bit 3 


Inni it/Oi itni it 


12 


P22 


Port 2, Bit 2 


Input/Output 


46 


P44 


Port 4, Bit 4 


Input/Output 


13 


P56 


Port 5, Bit 6 


Input/Output 


47 


P45 


Port 4, Bit 5 


Input/Output 


14 


P23 


Port 2, Bit 3 


Input/Output 


48 


P53 


Port 5, Bit 3 


Input/Output 


1S 
I o 


P55 


Pnrt ^ Rit ^ 


Inni it/Oi itni it 


49 


P46 


Pnrt 4 Rit 6 


Inni it/Oi itni it 


16 


P54 


Port 5, Bit 4 


Input/Output 


50 


P11 


Port 1 , Bit 1 


Input/Output 


17 


GND 


Ground 




51 


P47 


Port 4, Bit 7 


Input/Output 


18 


P17 


Port 1 , Bit 7 


Input/Output 


52 


P10 


Port 1 , Bit 


Input/Output 




r uj 


Pnrt f) Rit ^ 


Inni it/Oi itni it 


JO 


PWM 

r VVIVI 


Pi ilco \A/iHth MnHi ilatnr 

rUIOC VVIUUI IVIUUUIeUUI 


Oi itni it 


20 


P24 


Port 2, Bit 4 


Input/Output 


54 


R//W 


Read/Write 


Output 


21 


P16 


Port 1 , Bit 6 


Input/Output 


55 


/RESET 


Reset 


Input 


22 


P25 


Port 2, Bit 5 


Input/Output 


56 


/AS 


Address Strobe 


Output 


23 


P15 


Port 1 , Bit 5 


Input/Output 


57 


AN G N D 


Analog Ground 




24 


P26 


Pnrt 9 Rit fi 

run Dl I u 


Inni it/Oi itni it 

II 1 \J U 1/ UU I LJ U l 


58 


v 

REF- 


Analnn V/nltanp Rpf 


Input 


25 


P27 


Port 2, Bit 7 


Input/Output 


59 


AN |N 


Analog Input 


Input 


26 


SCLK 


System Clock 


Output 


60 


V 

REF+ 


Analog Voltage Ret. 


Input 


27 


P31 


Port 3, Bit 1 


Input 


61 


ANV DD 


Analog Power Supply 




28 


P32 


Port 3, Bit 2 


Input 


62 


GND 


Ground 




OQ 




rori O, Dll J 


Input 


Do 


DnT 


Dr\rt n Dit ~T 

rort U, bit / 


Input/Output 


30 


P34 


Port 3, Bit 4 


Output 


64 


P20 


Port 2, Bit 


Input/Output 


31 




Power Supply 




65 


P21 


Port 2, Bit 1 


Input/Output 


32 


P35 


Port 3, Bit 5 


Output 


66 


P52 


Port 5, Bit 2 


Input/Output 


33 


P14 


Port 1 , Bit 4 


Input/Output 


67 


P51 


Port 5, Bit 1 


Input/Output 


34 


DSP1 


DSP User Output 1 


Output 


68 


IDS 


Data Strobe 


Output 
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PIN FUNCTIONS 

/RESET (input, active Low). Initializes the MCU. Reset is 
accomplished either through Power-On Reset (POR), WDT 
reset, SMR or external reset. During POR and WDT reset, 
the internally generated reset is driving the reset pin Low 
for the POR time. Any devices driving the reset line must be 
open drain to avoid damage from a possible conflict 
during reset conditions. Pull-up is provided internally. A 
/RESET signal resets both the Z8 and the DSP. 

For the Z8: 

After the POR time, /RESET is a Schmitt-triggered input. To 
avoid asynchronous and noisy reset problems, the Z8 is 
equipped with a reset filter of four external clocks (4TpC). 
If the external reset signal is less than 4TpC in duration, no 
reset occurs. On the fifth clock after the reset is detected, 
an internal RST signal is latched and held for an internal 
register count of 18 external clocks, or for the duration of 
the external reset, whichever is longer. Program execution 
begins at location 000CH (Hexadecimal), 5-1 OTpC cycles 
after the /RESET is released. For Power-On Reset, 
the typical reset time is 5 ms. The Z8 does not reset WDT, 
SMR, P2M, and P3M registers on a Stop-Mode Recovery 
operation. 

For the DSP: 

A low level on the /RESET pin generates an internal reset 
signal. The /RESET signal must be kept low for at least one 
clock cycle. The CPU will push the contents of the PC onto 
the stack and then fetch a new Program Counter (PC) value 
from program memory address OFFCH after the reset 
signal is released. 

/R/RL ROM/ROMIess (input, active Low). This pin, when 
connected to V cc , disables the internal Z8 ROM only and 
forces the device to function as a Z89920 ROMIess. (Note 
that when pulled Low to GND, the Z89120 functions 
normally as the ROM version). The DSP can not be config- 
ured as ROMIess. This is available only on the Z89120. 

R//W Read/Write (output, write Low). The R//W signal 
defines the signal flow when the Z8 is reading or writing to 
external program or data memory. The Z8 is reading when 
this pin is High and writing when this pin is Low. 

/AS Address Strobe (output, active Low). Address Strobe 
is pulsed once at the beginning of each machine cycle. 
Address output is through Port O/Port 1 for all external 
programs. Memory address transfers are valid at the 
trailing edge of /AS. Under program control, /AS is placed 
in the high-impedance state along with Ports and 1 , Data 
Strobe, and Read/Write. 



IDS Data Strobe (output, active Low). Data Strobe is 
activated once for each external memory transfer. For read 
operations, data must be available prior to the trailing edge 
of IDS. For write operations, the falling edge of IDS indi- 
cates that output data is valid. 

XTAL1 Crystal 1 (time-based input). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC, RC net- 
work or an external single-phase clock to the on-chip 
oscillator input. 

XTAL2 Crystal 2 (time-based output). This pin connects a 
parallel-resonant, crystal, ceramic resonant, or LC net- 
work to the on-chip oscillator output. 

DSPO (output). DSPO is a general purpose output pin 
connected to bit 6 of the Analog Control Register (DSP 
EXT4). This bit has no special significance and may be 
used to output data by writing to bit 6 of the ACR. 

DSP1 (output). DSP1 is a general purpose output pin 
connected to bit 7 of the Analog Control Register (DSP 
EXT4). This bit has no special significance and may be 
used to output data by writing to bit 7 of the ACR. 

SCLK System Clock (output). SCLK outputs the internal 
system clock. This pin is only available on the Z89920. 

/SYNC Synchronize (output). This signal indicates the last 
clock cycle of the currently executing Z8 instruction. This 
pin is only available on the Z89920. 

PWM Pulse Width Modulator(ou\put). The PWM is a 1 0-bit 
resolution D/A converter. This output is a digital signal with 
CMOS output levels. 

AN |N (input). Analog input for the A/D converter. Signal 
range is AN GND to AN VDD . 

ANV CC . Analog power supply for the A/D and D/A 
converters. 

AN GND . Analog ground for the A/D converter. 

V REFt (input). Reference voltage (High) for the A/D 
converter. 

V REF . (input). Reference voltage (Low) for the A/D 
converter. 

V cc . Digital power supply for the Z891 20/920. 
GND. Digital ground for the Z891 20/920. 
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Port (P07-P00). Port is an 8-bit, bidirectional, CMOS 
compatible port. These eight I/O lines are configured 
under software control as a nibble I/O port, or as an 
address port for interfacing external memory. The input 
buffers are Schmitt-triggered and the output drivers are 
push-pull. PortO is placed under handshake control. In this 
configuration, Port 3, lines P32 and P35 are used as the 
handshake control /DAVO and RDYO. Handshake signal 
direction is dictated by the I/O direction to Port of the 
upper nibble P07-P04. The lower nibble must have the 
same direction as the upper nibble. 

The Auto Latch on Port puts valid CMOS levels on all 
CMOS inputs which are not externally driven. Whether this 
level is or 1 , cannot be determined. A valid CMOS level, 
rather than a floating node, reduces excessive supply 
current flow in the input buffer. 



For external memory references, Port provides address 
bits A11-A8 (lower nibble) or A15-A8 (lower and upper 
nibble) depending on the required address space. If the 
address range requires 12 bits or less, the upper nibble of 
Port can be programmed independently as I/O while the 
lower nibble is used for addressing. If one or both nibbles 
are needed for I/O operation, they are configured by 
writing to the Port mode register. 

In ROMIess mode, after a hardware reset, Port is config- 
ured as address lines A1 5-A8, and extended timing is set 
to accommodate slow memory access. The initialization 
routine can include reconfiguration to eliminate this ex- 
tended timing mode. (In ROM mode, Port is defined as 
input after reset.) 

Port is set in the high-impedance mode if selected as an 
address output state along with Port 1 and the control 
signals /AS, IDS and R//W (Figure 4). 



Z891 20/920 
MCU 



PortO 

(l/OorA15-A8) 



Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 



OEN 



Out 




Auto Latch 



R = 500 Kfl 



Figure 4. Port Configuration 
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PIN FUNCTIONS (Continued) 



Port 1 (P17-P10). Port 1 is an 8-bit, bidirectional, CMOS 
compatible port (Figure 5). It has multiplexed Address (A7- 
AO) and Data (D7-D0) ports. These eight I/O lines are 
programmed as inputs or outputs, or can be configured 
under software control as an Address/Data port for inter- 
facing external memory. The input buffers are Schmitt- 
triggered and the output drivers are push-pull. 

Port 1 may be placed under handshake control. In this 
configuration, Port 3, lines P33 and P34 are used as the 
handshake controls RDY1 and /DAV1 (Ready and Data 



Available). Memory locations greater than 24575 (in ROM 
mode) are referenced through Port 1 . To interface external 
memory, Port 1 must be programmed for the multiplexed 
Address/Data mode. If more than 256 external locations 
are required, Port outputs the additional lines. 

Port 1 can be placed in the high-impedance state along 
with Port 0, /AS, IDS and R//W, allowing the Z891 20/920 to 
share common resources in multiprocessor and DMA 
applications. 
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Figure 5. Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bidirectional, CMOS 
compatible I/O port. These eight I/O lines are indepen- 
dently configured under software control as an input or 
output. Port 2 is always available for I/O operation. The 
input buffers are Schmitt-triggered. Bits programmed as 
outputs may be globally programmed as either push-pull 
or open-drain. 

Port 2 may be placed under handshake control. In this 
configuration, Port 3 lines P31 and P36 are used as the 
handshake controls lines /DAV2 and RDY2. The hand- 
shake signal assignment for Port 3 lines P31 and P36 is 



dictated by the direction (input or output) assigned to bit 7, 
Port 2 (Figure 6). 

Port 26 can be configured in DSP software to activate DSP 
INTO. 

The Auto Latch on Port 2 puts valid CMOS levels on all 
CMOS inputs which are not externally driven. Whether this 
level is or 1 , cannot be determined. A valid CMOS level, 
rather than a floating node, reduces excessive supply 
current flow in the input buffer. 





-4 — *~ 


1 






— *~ 




► Port 2 
(I/O) 








Z891 20/920 
MCU 












Handshake Controls 
/DAV2and RDY2 
(P31 and P36) 
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Figure 6. Port 2 Configuration 
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PIN FUNCTIONS (Continued) 

Port 3 (P37-P31 ). Port 3 is a 7-bit, CMOS compatible port 
with three fixed inputs (P33-P31) and four fixed outputs 
(P37-P34). It is configured under software control for input/ 
output, counter/timers, interrupt, and port handshakes. 
Pins P31, P32, and P33 are standard CMOS inputs; out- 
puts are push-pull. 

Two on-board comparators can process analog signals on 
P31 and P32 with reference to the voltage on P33. The 
analog function is enabled by programming the Port 3 
Mode Register (bit 1 ). Port3, pin 3 is afalling edge interrupt 
input. P31 and P32 are programmable as rising, falling or 
both edge-triggered interrupts (IRQ register bits 6 and 7). 
P33 is the comparator reference voltage input. Access to 
Counter/Timerl is made through P31 (TJ and P36 (T 0UT ). 
Handshake lines for Ports 0, 1 , and 2 are available on P31 
through P36. 



Table 3. Port 3 Pin Assignments 



Pin 


I/O 


CTC1 


AN IN 


Int. 


P0 HS 


P1HS 


P2 HS 


EXT 


P31 
P32 
P33 


IN 
IN 
IN 


\ 


AN1 
AN2 
REF 


IRQ2 
IRQO 
IRQ1 


D/R 


D/R 


D/R 




P34 
P35 
P36 
P37 


OUT 
OUT 
OUT 
OUT 


T ou , 






R/D 


R/D 


R/D 


/DM 



Notes: 

HS = Handshake Signals 
D = DAV 
R a RDY 



Port 3 also provides the following control functions: hand- 
shake for Ports 0, 1 , and 2 (/DAV and RDY); three external 
interrupt request signals (IRQ3-IRQ1); timer input and 
output signals (T IN and T 0UT ); Data Memory Select (/DM); 
(Figure 7). 

Comparator Inputs. Port 3, Pins P31 and P32 each have 
a comparator front end. The comparator reference volt- 
age, pin P33, is common to both comparators. In analog 
mode, the P31 and P32 are the positive inputs to the 
comparators and P33 is the reference voltage supplied to 
both comparators. In digital mode, pin P33 can be used as 
a P33 register input or IRQ1 source. 
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Z891 20/920 
MCU 



Port 3 

(I/O or Control) 



R247 = P3M 



P31 (AN1) 



From Stop Mode 
Recovery Source 




= Digital 



iRQ2, Tin, P31 Data Latch 



IRQO, P32 Data Latch 



IRQ1.P33 Data Latch 



Figure 7. Port 3 Configuration 
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PIN FUNCTIONS (Continued) 

Port 4 (P47-P40). Port 4 is an 8-bit, bidirectional, CMOS 
compatible I/O port (Figure 8). These eight I/O lines are 
configured under software control as an input or output, 
independently. Port 4 is always available for I/O operation. 
The input buffers are Schmitt-triggered. Bits programmed 
as outputs may be globally programmed as either push- 
pull or open-drain. 



Port 4 is a bit programmable general purpose I/O port. The 
control and data registers for Port 4 are mapped into the 
expanded register file (Bank F) of the Z8. 

Auto Latch. The Auto Latch on Port 4 puts valid CMOS 
levels on all CMOS inputs which are not externally driven. 
Whether this level is or 1 , cannot be determined. A valid 
CMOS level, rather than a floating node, reduces exces- 
sive supply current flow in the input buffer. 



OEN 



Out 



In 




R = 500 K£2 



Auto Latch 



Figure 8. Port 4 Configuration 
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Port 5 (P57-P50). Port 5 is an 8-bit, bidirectional, CMOS 
compatible I/O port (Figure 9). These eight I/O lines are 
configured under software control as an input or output, 
independently. Port 5 is always available for I/O operation. 
The input buffers are Schmitt-triggered. Bits programmed 
as outputs may be globally programmed as either push- 
pull or open-drain. 



Port 5 is a bit programmable general purpose I/O port. The 
control and data registers for Port 5 are mapped into the 
expanded register file (Bank F) of the Z8. 

Auto Latch. The Auto Latch on Port 5 puts valid CMOS 
levels on all CMOS inputs which are not externally driven. 
Whether this level is or 1, cannot be determined. A valid 
CMOS level, rather than a floating node, reduces exces- 
sive supply current flow in the input buffer. 




Out 



In 



2.3V Hysteresis 



o — < 



R = 500 KQ 



PAD 



i 



Auto Latch 



Figure 9. Port 5 Configuration 



PRELIMINARY 



Z89120/Z89920 
16-Brr Mixed Signal processor 



Z8® FUNCTIONAL DESCRIPTION 



The Z8 CCP core incorporates special functions to en- 
hance the Z8's performance in control applications. 

Pipelined Instructions. The Z8 instructions (see page 73) 
are comprised of two parts, an instruction fetch and 
execute part. The instructions typically take between six 
and ten cycles to fetch and five cycles to execute. Five 
cycles of the next instruction fetch may be overlapped with 
five cycles of the current instruction execution. This im- 
proves performance over sequential methods. Addition- 
ally, the register-based archetecture allows any registers 
to be picked as the source and destination in an instruction 
saving intermediate move. 

Reset. The device is reset in one of the following condi- 
tions: 

■ Power-On Reset 

■ Watch-Dog Timer 

■ Stop-Mode Recovery Source 

■ External Reset 

Program Memory. The Z8 addresses up to 24 Kbytes of 
internal program memory and 40 Kbytes external memory 
(Figure 10). The first 12 bytes of program memory are 
reserved for the interrupt vectors. These locations contain 
six 16-bit vectors which correspond to the five user inter- 
rupts and one DSP interrupt. Byte 12 to byte 24575 
consists of on-chip mask-programmed ROM. At addresses 
24576 and greater, the Z8 executes external program 
memory. In ROMIess mode, the Z8 will execute from 
external program memory beginning at byte 12 and con- 
tinuing through byte 65535. 



65535 

24575 

Location of 
First Byte of 
Instruction 
ExecutecT 
After RESET 12 

11 

10 

9 

8 

Interrupt 7 
Vector 6 
(Lower Byte)" 



Interrupt 
Vector 
(Upper Byte) 




1 




External 
ROM and RAM 



On-Chip 
ROM 
(In ROM Mode) 



IRQ5 



IRQ5 



IRQ4 



IRQ4 



IRQ3 



IRQ3 



IRQ2 



IRQ2 



IRQ1 



IRQ1 



IRQO 



IRQO 



Figure 10. Program Memory Map 
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ROM Protect. The 24 Kbytes of internal program memory 
for the Z8 is mask programmable. A ROM Protect feature 
prevents "dumping" of the ROM contents of Program 
Memory by inhibiting execution of LDC, LDCI, LDE, and 
LDEI instructions. The ROM Protect option is mask- 
programmable, to be selected by the customer at the time 
when the ROM code is submitted. 

Data Memory (/DM). In ROM mode, the Z8 can address up 
to 40 Kbytes of external data memory beginning at location 
24576 (Figure 1 1 ). In ROMIess mode, the Z8 can address 
the full 64 Kbytes of external data memory beginning at 
location 12. External data memory may be included with, 
or separated from, the external program memory space. 
/DM, an optional I/O function that can be programmed to 
appear on Port 34, is used to distinguish between data and 
program memory space (Table 3). The state of the /DM 
signal is controlled by the type of instruction being ex- 
ecuted. An LDC opcode references PROGRAM 
(/DM inactive) memory, and an LDE instruction references 
data (/DM active Low) memory. 



65535 



24756 



External 

Data 
Memory 



Not Addressable 
(In ROM Mode) 



Figure 1 1 . Data Memory Map 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 



Register File. The standard Z8® register file consists of 
four I/O port registers, 236 general-purpose registers, and 

15 control and status registers (R3-R0, R239-R4, and 
R255-R241, respectively). The instructions access regis- 
ters directly or indirectly through an 8-bit address field. 
This allows a short, 4-bit register address using the Regis- 
ter Pointer (Figure 1 2). In the 4-bit mode, the register file is 
divided into 16 working register groups, each occupying 

16 continuous locations. The Register Pointer addresses 
the starting location of the active working register group 
(Figure 13). 



I 07 


D6 


D5 | D4 | D3 | D2 


D1 | DO | 

















Default setting after RESET = 00000000 



Expanded Register Bank 
Working Register Group 



Note: Register Group E (Registers EO-EF) is only ac- 
cessed through a working register and indirect address- 
ing modes. 



Figure 12. Register Pointer Register 



— {[ 



r7 r6 r5 r4 



f R255 

r3 r2 r1 rO I R253 



Group 15 (F) Control Registers 

The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group 



Group 14 (E) 



Group 13(0) 



Group 4 (4) 



Specified Working 
Group 3 (3) Register Group 



Group 2 (2) 



Group 1 (1) 



Group (0) 



I/O Ports 



R239 



R223 



R79 



R63 



R47 

R31 

R15 

R3 
RO 



The upper nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register 



Figure 13. Register Pointer 



<£>3L£E 



PRELIMINARY 



Z89120/Z89920 
16-Bit Mixed Signal Processor 



RAM Protect. The upper portion of the Z8's RAM address 
spaces 80FH to EFH (excluding the control registers) are 
protected from reading and writing. The RAM Protect bit 
option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user activates from the internal ROM 
code to turn off/on the RAM Protect by loading a bit D6 in 
the IMR register to either a or a 1 , respectively. A 1 in D6 
indicates RAM Protect enabled. 

Stack. The Z8's external data memory or the internal 
register file is used for the stack. The 16-bit Stack Pointer 
(R255-R254) is used for the external stack which can 
reside only from 24576 to 65535 in ROM mode or to 
65535 in ROMIess mode. An 8-bit Stack Pointer (R255) is 
used for the internal stack that resides within the 236 
general-purpose registers (R239-R4). SPH can be used as 
a general-purpose register when using internal stack only. 



Expanded Register File. The register file on the Z8 has 
been expanded to allow for additional system control 
registers, and for mapping of additional peripheral de- 
vices along with I/O ports into the register address area. 
The Z8 register address space has now been imple- 
mented as 16 banks of 16 registers groups per bank 
(Figure 14). These register banks are known as the ERF 
(Expanded Register File). Bits 7-4 of register RP (Register 
Pointer) select the working register group. Bits 3-0 of 
register RP select the Expanded Register bank 
(Figure 14). 

System configuration registers, Ports 4 and 5 mode regis- 
ters, data registers and a DSP control register reside in 
Bank F of the Expanded Register File. Bank B of the 
Expanded Register File consists of the Mailbox Interface in 
which the Z8 and the DSP communicate. The rest of the 
Expanded Register is not physically implemented and is 
open for future expansion. 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 



REGISTER POINTER 



Z8 STANDARD CONTROL REGISTERS 



REGISTER BANK (0) 
REGISTER GROUP 15(F) 



RESET CONDITION 
I D7| Del OS I D4| D3| D2i D1 1 DO I 




FFH 


SPL 


FEH 


SPH 


FDH 


RP 


FCH 


FLAGS 


FBH IMR 


FAN 


IRQ 


F9H IPR 


FBH 


P01M 


F7H 


P3M 


F6H P2M 


F5H 


PREO 


%F< 


TO 


F3H 


PRE1 


F2H 


T1 


F1H 


TMR 


FOH Reserved 





















— 


Ji 


— 








— 


— 













— 




— 




— 







U 


u 


u 


u 


u 


u 


u 


u 





u 


u 


u 


u 


u 


u 


u 


















u 


u 


u 


u 


u 


u 


u 


u 





1 








1 


1 





1 


























1 


1 


1 


1 


1 


1 


1 


1 


u 


u 


u 


u 


u 


u 


u 





u 


u 


u 


u 


u 


u 


u 


u 


u 


u 


u 


u 


u 


u 








u 


u 


u 


u 


u 


u 


u 


u 











































Z8 EXPANDED REGISTER BANK (F) 



REGISTER GROUP (0) 



Z8 EXPANDED REGISTER BANK (B) 
] 



Z8-DSP Mailbox Interlace 



Z8 STANDARD REGISTER BANK (0) 



REGISTER GROUP 



(0) 03H 


P3 




1 


1 




1 


u 


u 


u 


u 


(0) 02H 


P2 




u 


u 


u 


u 


u 


u 


u 


u 


(0)01H 


Reserved 




u 


u 


u 


u 


u 


u 


u 


u 


(0) 00H 


PO 




u 


u 


u 


u 


u 


u 


u 


u 



t = For ROMIess mode. RESET Condlllon 10110110 
• Will not be reset wiui a STOP Mode Recovery 



RESET CONDITION 



RESET CONDITION 



(F) OFH 


WDTMR 




U 


u 


u 





1 


1 





1 


(F) OEH Reserved 




















(F) ODH 


Reserved 




















(F) OCH 


DSP CON 




u 


u 


u 


u 


u 


u 


u 


u 


(F) OBH 


SMR 




: 


c 


1 








c 


u 





(F) OAH 


Reserved 




















(F) 09H 


Reserved 




















(F) 08H 


Reserved 




















(F) 07H Reserved 




















(F) 06H P46M 




u 


u 


u 





u 


u 


u 





(F) 05H 


P5M 




1 


1 


1 


1 




1 


1 


1 


(F)04H 


P5 




u 


u 


u 


u 


u 


u 


u 


u 


(FJ03H 


P4M 




1 


1 


1 


1 


1 


1 


1 


1 


(F) 02H 


P4 




u 


u 


u 


u 


u 


u 


u 


u 


(F)01H 


Reserved 




















(F) 00H 


PCON 






















u 


u 



Figure 14. Expanded 



Register File Architecture 
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Interrupts. The Z8 has six different interrupts from six 
different sources. The interrupts are maskable and priori- 
tized (Figure 15). The six sources are divided as follows; 
three sources are claimed by Port 3 lines P33-P31 , two in 



counter/timers, and one by the DSP (Table 4), The Interrupt 
Mask Register globally or individually enables or disables 
the six interrupt requests. 



IRQO IRQ2 



IRQ Register 
(D6, D7) 



Interrupt 
Request 




Vector Select 



Figure 15. Interrupt Block Diagram 



Table 4. Interrupt Types, Sources, and Vectors 



Name 


Source 


Vector Location 


Comments 


IRQO 


/DAVO, P32, AN2 


0, 1 


External (P32), Programmable Rise or Fall Edge Triggered 


IRQ1 


/DAV1, P33 


2, 3 


External (P33), Fall Edge Triggered 


IRQ2 


/DAV2, P31, T |N , AN2 


4, 5 


External (P31), Programmable Rise or Fall Edge Triggered 


IRQ3 


DSP 


6, 7 


Internal (DSP activated) 


IRQ4 


TO 


8,9 


Internal 


IRQ5 


Tl 


10, 11 


Internal 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con- 
trolled by the Interrupt Priority Register. An interrupt ma- 
chine cycle is activated when an interrupt request is 
granted. Thus, this disables all subsequent interrupts, 
saves the Program Counter and Status Flags, and then 
branches to the program memory vector location reserved 
for that interrupt. 

All Z8 interrupts are vectored through locations in the 
program memory. This memory location and the next byte 
contain the 16-bit address of the interrupt service routine 
for that particular interrupt request. To accommodate 
polled interrupt systems, interrupt inputs are masked and 
the Interrupt Request Register is polled to determine which 
of the interrupt requests need service. 

An interrupt resulting from AN1 is mapped into IRQ2, and 
an interrupt from AN2 is mapped into IRQO. Interrupts 
IRQ2 and IRQO may be rising, falling or both edge trig- 
gered, and are programmable by the user. The software 
may poll to identify the state of the pin. 

Programming bits for the Interrupt Edge Select is located 
in the IRQ Register (R250), bits D7 and D6 . The configu- 
ration is shown in Table 5. 



Table 5. IRQ Register 



IRQ 



Interrupt Edge 



D7 


D6 


P31 


P32 








F 


F 





1 


F 


R 


1 





R 


F 


1 


1 


R/F 


R/F 



Notes: 

F = Falling Edge 
R = Rising Edge 

Clock. The Z891 20/920 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 20.48 MHz max., with a series resistance (RS) less 
than or equal to 1 00 Ohms. The system clock (SCLK) is one 
half the crystal frequency. 

The crystal is connected across XTAL1 and XTAL2 using 
capacitors from each pin to ground (Figure 16). 



ctX-r 



C2-£ 



X 



XTAL1 



XTAL2 



C1- 



a: 



XTAL1 



XTAL2 



XTAL1 



_ XTAL2 



Ceramic Resonator or 
Crystal 



LC 



External Clock 



Figure 16. Oscillator Configuration 
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Counter/Timers. There are two 8-bit programmable 
counter/timers (T1-T0), each driven by its own 6-bit pro- 
grammable prescaler. TheT1 prescaler is driven by inter- 
nal or external clock sources; however, the TO prescaler is 
driven by the internal clock only (Figure 17). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to 256) that has been loaded into the counter. When the 
counter reaches the end of the count, a timer interrupt 
request, IRQ4 (TO) or IRQ5 (T1), is generated. 

The counters can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 



also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and is either the internal 
microprocessor clock divided by four, or an external signal 
input through Port 31 . The Timer Mode register configures 
the external timer input (P31 ) as an external clock, a trigger 
input that can be retriggerable or non-retriggerable, or as 
a gate input for the internal clock. The counter/timers 
can be cascaded by connecting the TO output to the 
input of T1 . 



DSP Clock 



D7-D6 
DSPCON 



□0 (SMR) 



Internal Data Bus 



TO 

Current Value 
Register 

— 7^ — 



IRQ4 





TIN P31 



Internal Data Bus 



Figure 17. Counter/Timer Block Diagram 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 



Port Configuration Register (PCON). The PCON register 
configures the port individually; comparator output on Port 
3, and open-drain on Port and Port 1 . The PCON register 
is located in the Expanded Register File at Bank F, location 
00H (Figure 18). 

Comparator Output Port 3 (DO). Bit controls the com- 
parator use in Port 3. A 1 in this location brings the 
comparator outputs to P34 and P35, and a releases the 
port to its standard I/O configuration. 



Port Open-Drain (D1). Port can be configured as an 
open-drain by resetting this bit (D1 = 0) or configured as 
push-pull active by setting this bit (D1 = 1). The default 
value is 1 . 

Port 1 Open-Drain (D2). Port 1 can be configured as an 
open-drain by resetting this bit (D2 = 0) or configured as 
push-pull active by setting this bit (D2 = 1). The default 
value is 1 . 



PCON (F) 00H 



- 


D6 


D5 


D4 


D3 


D2 


D1 







Comparator Output Port 3 

P34, P35 Standard Output' 

1 P34, P35 Comparator Output 

Port Open Drain 

1 Port Push-pull Active* 

Port 1 Open Drain 

1 Port 1 Push-pull Active - 

Reserved 



* Default setting after Reset 



Figure 18. Port Configuration Register (PCON) 



Port 4 and 5 Configuration Register (P45CON). The 
P45CON register configures Port 4 and Port 5, individually, 
to open-drain or push-pull active. This register is located in 
the Expanded Register File at Bank F, location 06H 
(Figure 18). 



Port 5 Open-Drain (D4). Port 5 can be configured as an 
open-drain by resetting this bit (D4 = 0) or configured as 
push-pull active by setting this bit (D4 = 1). The default 
value is 1. 



Port 4 Open-Drain (DO). Port 4 can be configured as an 
open-drain by resetting this bit (DO = 0) or configured as 
push-pull active by setting this bit (DO = 1). The default 
value is 1. 



P45M (FH) 06H 



D5 D4 D3 D2 D1 



3B 



Port 4 Configuration Bit 

Open Drain 

1 Push-pull 



Port 5 Configuration Bit 

Open Drain 

1 Push-pull 



Figure 19. Port 4 and 5 Configuration Register 
(F) 06H [Write Only] 
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Power-On Reset (POR). A timer circuit clocked by a 
dedicated on-board RC oscillator is used for the Power-On 
Reset (POR) timer function. The POR time allows V cc and 
the oscillator circuit to stabilize before instruction execu- 
tion begins. 

The POR timer circuit is a one-shot timer triggered by one 
of three conditions: 

1. Power fail to Power OK status. 

2. Stop-Mode Recovery (if D5 of SMR=1). 

3. WDT timeout. 

The POR time is a nominal 5 ms. Bit 5 of the STOP mode 
Register determines whether the POR timer is bypassed 
after Stop-Mode Recovery (typical for external clock, RC/ 
LC oscillators). 

HALT. HALT turns off the internal CPU clock, but not the 
XTAL oscillation. The counter/timers and external inter- 
rupts IRQO, IRQ1, IRQ2, and IRQ3 remain active. The 
devices are recovered by interrupts, either externally or 
internally generated. 

STOP. This instruction turns off the internal clock and 
external crystal oscillation. It reduces the standby current 
to 10 llA or less. The STOP mode is terminated by a reset 



only, either by WDT timeout, POR, SMR, or external reset. 
This causes the processor to restart the application pro- 
gram at address 000CH. In order to enter STOP (or HALT) 
mode, it is necessary to first flush the instruction pipeline 
to avoid suspending execution in mid-instruction. To do 
this, the user must execute a NOP (opcode=FFH) immedi- 
ately before the appropriate sleep instruction, i.e., 



FF NOP 

6F STOP 

FF NOP 

7F HALT 



; clear the pipeline 
; enter STOP mode 
or 

; clear the pipeline 
; enter HALT mode 



Stop-Mode Recovery Register (SMR), This register se- 
lects the clock divide value and determines the mode of 
Stop-Mode Recovery (Figure 20). All bits are write only, 
except bit 7 which is read only. Bit 7 is a flag bit that is 
hardware set on the condition of STOP recovery and reset 
by a power-on cycle. Bit 6 controls whether a low level or 
a high level is required from the recovery source. Bit 5 
controls the reset delay after recovery. Bits 2, 3, and 4, or 
the SMR register, specify the source of the Stop-Mode 
Recovery signal. Bits and 1 determine the timeout period 
of the WDT. The SMR is located in Bank F of the Expanded 
Register group at address OBH. 



SMR (F) OB 
| D7| D6| 



D5 D4 D3 D2 D1 



SCLK/TCLK Divide by 16 

OFF* 

1 ON 

RESERVED 

Stop Mode Recovery Source 

000 POR Only* 

001 Reserved 

010 P31 

011 P32 

100 P33 

101 P27 

110 P2 NOR 0-3 

111 P2 NOR 0-7 

Stop Delay 

OFF 

1 ON * 

Stop Recovery Level 

Low* 

1 High 

Stop Flag 

POR* 

1 SI 



Figure 20. Stop-Mode Recovery Register (SMR) 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 

SCLK/TCLK Divide-By-16 Select (DO). DO of the SMR 
controls a divide-by-16 prescaler of SCLK/TCLK. The 
purpose of this control is to selectively reduce device 
power consumption during normal processor execution 
(SCLK control) and/or HALT mode (where TCLK sources 
counter/timers and interrupt logic). 



Stop-Mode Recovery Source (D4-D2). These three bits 
of the SMR specify the wake-up source of the STOP 
recovery (Figure 21 and Table 6). 



SMR D4 D3 D2 





SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 



SMR D4 D3 D2 
1 1 



SMR D4 D3 D2 



J § ! ? I 1 I 1 1 I 1 1 I 1 

H *->, t>i ~>| S>>i 



Stop Mode Recovery Edge 
Select (SMR) 



P33 From Pads 



Digital/Analog Mode 
Select (P3M) 



ToPOR 
RESET 



IT v RESET 



To P33 Data 
Latch and IRQ1 
*- 



Figure 21. Stop-Mode Recovery Source 



Table 6. Stop-Mode Recovery Source 



SMR:432 


Operation 


D4 


D3 


D2 


Description of Action 











POR and/or external reset recovery 








1 


Reserved 





1 





P31 transition 





1 


1 


P32 transition 


1 








P33 transition 


1 





1 


P27 transition 


1 


1 





Logical NOR of P20 through P23 


1 


1 


1 


Logical NOR of P20 through P27 



Stop-Mode Recovery Delay Select (D5). This bit, if High, 
disables the 5 ms /RESET delay after Stop-Mode Recov- 
ery. The default configuration of this bit is one. If the "fast" 
wake up is selected, the Stop-Mode Recovery source is 
kept active for at least 5 TpC. 

Stop-Mode Recovery Edge Select (D6). A 1 in this bit 
position indicates that a high level on any one of the 
recovery sources wakes the Z89120 from STOP mode. A 
indicates low level recovery. The default is on POR 
(Figure 20). 

Cold or Warm Start (D7). This bit is set by the device upon 
entering STOP mode. It is active High, and is (cold) on 
POR/WDT /RESET. This bit is read only. It is used to 
distinguish between cold or warm start. 
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DSP Control Register (DSPCON). The DSPCON register 
controls various aspects of the Z8 and the DSP. It can 
configure the internal system clock (SCLK) or the Z8, 
/RESET and HALT of the DSP, and control the interrupt 
interface between the Z8 and the DSP (Figure 22). 



DSPCON (FH) OCH 



r 7 


D6 


D5 


OA 


D3 


D2 


D1 


DO 









Write Read 

No Effect Z8IRQ3 Reset 

1 ClearZ8IRQ3 1 Z8IRQ3Set 

Write Read 

No Effect DSP INT2 Reset 

1 SetDSPINT2 1 DSPINT2Set 



DSP Run 

Halt DSP 

1 Run DSP 

DSP Reset (Write Only) 

No Effect 

1 Reset DSP 

Z8 SCLK 

00 2.5 MHz (OSC+fl) 

01 5 MHz (OSC»4) 
1x 10 MHz (0SC*2) 



Figure 22. DSP Control Register 
(F) OCH [Read/Write] 



Z8 IRQ3 (DO). This bit, when read, indicates the status of 
Z8IRQ3.Z8 IRQ3issetbytheDSPbywritingtoDSP Expanded 
Register 4. By writing a 1 to this bit, Z8 IRQ3 is /RESET. 

DSP INT2 (D1). This bit is linked to DSP INT2. Writing a 1 
to this bit sets DSP INT2. Reading this bit indicates the 
status of DSP INT2. 

DSP RUN (D4). This bit defines the HALT mode of the DSP. 
If this bit is set to 0, then the DSP clock is turned off to 
minimize power consumption. After this bit is set to 1 , then 
the DSP will continue code execution from where it was 
halted. After a hardware reset, this bit is set to 0. 

DSP RESET (D5). Setting this bit to 1 will reset the DSP. If 
the DSP was in HALT mode, this bit is automatically preset 
to 1 . Writing a has no effect. This bit is write only. 

Z8 SLCK (D8-D7). These bits define the SCLK frequency 
of the Z8. The oscillator can be either divided by 8, 4, or 2. 
After /RESET, both of these are defaulted to 00. 

Watch-Dog Timer Mode Register (WDT). The WDT is a 
retriggerable one-shot timer that resets the Z8 if it reaches 
its terminal count. The WDT is initially enabled by execut- 
ing the WDT instruction and refreshed on subsequent 
executions of the WDT instruction. The WDT circuit is 
driven by an on-board RC oscillator or external oscillator 
from the XTAL1 pin. The POR clock source is selected with 
bit 4 of the WDT register (Figure 23). 



WDTMR (F)0F 



m 


D6 


□ 5 


D4 


D3 


D2 


D1 


DO 



INTRCOSC External Clock 
5 ms 256 TpC 

15ms 512TpC 
25 ms 1 024 TpC 

100 ms 4096 TpC 

WDT During HALT 

OFF 

1 ON * 

WDT During STOP 

OFF 

1 ON * 

XTAL1/INT RC Select for WDT 

On-Board RC * 

1 XTAL 

Reserved 



* Default setting after RESET 



WDT TAP 
00 
01 • 
10 
11 



Figure 23. Watch-Dog Timer Mode Register 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 

WDT Time Select (DO, D1 ). Selects the WDT time period 
(Figure 24). It is configured as shown in Table 7. 

Table 7. WDT Time Select 







Timeout of 


Timeout of 


D1 


DO 


Internal RC OSC 


XTAL clock 








5 ms min 


256 TpC 





1 


15 ms min 


512TpC 


1 





25 ms min 


1024 TpC 


1 


1 


100 ms min 


4096 TpC 



Notes: 

TpC = XTAL clock cycle 
The default on reset is 15 ms. 
See Figures 54 to 57 for details. 



WDT During HALT (D2). This bit determines whether or 
not the WDT is active during HALT mode. A 1 indicates 
active during HALT. The default is 1 . 

WDT During STOP (D3). This bit determines whether or 
not the WDT is active during STOP mode. Since XTAL 
clock is stopped during STOP mode, the on-board RC has 
to be selected as the clock source to the POR counter. A 
1 indicates active during STOP. The default is 1 . 

Clock Source for WDT (D4). This bit determines which 
oscillator source is used to clock the internal POR and WDT 
counter chain. If the bit is a 1 , the internal RC oscillator is 
bypassed and the POR and WDT clock source is driven 
from the external pin, XTAL1 . The default configuration of 
this bit is which selects the RC oscillator. 



/RESET— r\j 4 Clock I 

r-L^ 1 F " er 1 



WDT Select 
(WDTMR) 

CK Source 
Select 
(WDTMR) 

XTAL 



RC 
OSC. 



Clear 


18 Clock RESET 




CLK 


Generator 


RESET 



SELECT | 



5mS POR 
CK 

CLR 



5mS 15mS 25mS 100mS 
WDT/POR Counter Chain 



VDD 
2V REF. 



From Stop 
Mode 
Recovery 
Source 



WDT 

Stop Delay 
Select (SMR) 



=0 



2V Operating 
Voltage Det. 



Internal 
RESET 



12 ns Glitch Filter 



Figure 24. Resets and WDT 
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DSP FUNCTIONAL DESCRIPTION 



General. The DSP is a high-performance second genera- 
tion CMOS Digital Signal Processor with amodified Harvard- 
type architecture with separate program and data ports. 
The design has been optimized tor processing power and 
saving silicon space. 

Program Memory. Programs of up to 4K words can be 
masked into internal DSP ROM. Four locations are dedi- 
cated to the vector address for the three interrupts (OFFDH- 
OFFFH) and the starting address following a reset (OFFCH). 

Internal Data RAM. The DSP has an internal 512 x 16-bit 
word data RAM organized as two banks of 256 x 16-bit 
words each, referred to as RAMO and RAMI . Each data 
RAM bank is addressed by three address register point- 
ers, referred to as P0:0-P2:0 for RAMO and P0:1-P2:1 for 
RAMI. Three addressing modes are available to access 
the data RAM: register indirect, direct, and short-form 
direct addressing. These modes are discussed in detail in 
Functional Description. The contents of each RAM can be 
loaded simultaneously into the X and Y inputs of the 
multiplier. 

Registers. The DSP has twelve internal registers and 
seven extended registers. The extended registers are for 
the A/D and D/A converters, and the mailbox and interrupt 
interfacing between DSP to the Z8. Extended registers are 
accessed in one machine cycle, the same as internal 
registers. 

Instruction Timing. Many instructions are executed in 
one machine cycle.' Long immediate instructions and 
Branch or Call instructions are executed in two machine 
cycles. When the program memory is referenced in inter- 
nal RAM indirect mode, it takes three machine cycles. In 
addition, one more machine cycle is required if the PC is 
selected as the destination of adata transfer instruction.This 
only happens in the case of a register indirect branch 
instruction. 



For example, an a(i) * b(j) + Acc -» Acc calculation is done 
in one machine cycle, modifying the RAM pointer contents. 
Both operands, a(i) and b(j), can be located in two inde- 
pendent RAM (0 and 1) addresses. 

Multiply/Accumulate. The multiplier can perform a 16-bit 
x 16-bit multiply or multiply accumulate in one machine 
cycle using the Accumulator and/or both the X and Y 
inputs. The multiplier produces a 32-bit result, however, 
only the 24 most significant bits are saved for the next 
instruction or accumulation. For operations on very small 
numbers where the least significant bits are important, the 
data should first be scaled by eight bits to avoid truncation 
errors. 

ALU. The 24-bit ALU has two input ports, one of which is 
connected to the output of the 24-bit Accumulator. The 
other input is connected to the 24-bit P-Bus, the upper 16 
bits of which are connected to the 1 6-bit D-Bus. A shifter 
between the P-Bus and the ALU input port can shift the 
data by three bits right, during a multiply/accumulator 
operation or no shift. 

Hardware Stack. A six-level hardware stack is connected 
to the D-Bus to hold subroutine return addresses or data. 
The CALL instruction pushes PC+2 onto the stack. The 
RET instruction pops the contents of the stack to the PC. 

Interrupts. The DSP has three positive edge triggered 
interrupt inputs. An interrupt is acknowledged at the end of 
any instruction execution. It takes two machine cycles to 
enter an interrupt instruction sequence. The PC is pushed 
onto the stack. A RET instruction transfers the contents of 
the stack to the PC and decrements the stack pointer by 
one word. The priority of the interrupts is = highest, 
2 = lowest. 
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DSP Registers 

There are 1 5 internal and extended 1 6-bit registers which 
are defined in Table 8. 



Table 8. DSP Registers 



Reaister 


Attribute 


Reaister Definition 


BUS 


Read 


Data-Bus 


X 


Read/Write 


X Multiplier Input, 16-Bit 


Y 


Read/Write 


Y Multiplier Input, 16-Bit 


A 


Read/Write 


Accumulator, 24-Bit 


SR 


Read/Write 


Status Register 


SP 


Read/Write 


Stack Pointer 


PC 


Read/Write 


Program Counter 


P 


Read 


Output of MAC, 24-Bit 


EXTO 


Read 


Z8 ERF Bank B, Register 00-01 (from Z8) 




Write 


Z8 ERF Bank B, Register 08-09 (to Z8) 


EXT1 


Read 


Z8 ERF Bank B, Register 02-03 (from Z8) 




Write 


Z8 ERF Bank B, Register 0A-0B (to Z8) 


EXT2 


Read 


Z8 ERF Bank B, Register 04-05 (from Z8) 




Write 


Z8 ERF Bank B, Register 0C-0D (to Z8) 


EXT3 


Read 


Z8 ERF Bank B, Register 06-07 (from Z8) 




Write 


Z8 ERF Bank B, Register 0E-0F (to Z8) 


EXT4 


Read/Write 


DSP Interrupt Control Register 


EXT5 


Read 


A/D Converter 




Write 


D/A Converter 


EXT6 


Read/Write 


Analog Control Register 
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Two registers, Bus and P are read only. If either of these 
registers are designated as the destination of a data 
transfer instruction, the contents will be unaffected. 

BUS is a read-only register which, when accessed, returns 
the contents of the D-Bus. 

X and Y are two 16-bit input registers for the multiplier. 
These registers can be utilized as temporary registers 
when the multiplier is not being used. The P register is 
affected by changing X or Y. 



A is a 24-bit Accumulator. The output of the ALU is sent to 
this register. When 16-bit data is transferred into this 
register, it goes into the 1 6 MSB's and the least significant 
eight bits are set to zero. Only the upper 16 bits are 
transferred to the destination register when the Accumula- 
tor is selected as a source register in transfer instructions. 

SR is the DSP status register (Figure 25) which contains the 
ALU status and certain control bits as shown in Table 9. 



N OV Z C UI1 UIO SH3 OP IE P1 PO RB1 RBO PRL 



S15 


S14 


S13 


S12 


S11 


S10 


S9 


S8 


S7 


S6 


S5 


S4 


S3 


S2 


S1 


- 



Loop Size 

256 

001 2 

010 4 

011 8 

100 16 

101 32 

110 64 

111 128 



General purpose register bank 
P0 output (general purpose) 
P1 output (general purpose) 



Interrupt Enable 



Overflow protection 
MPY output shifted by 3 bit 
Reserved 



Carry 



Zero 



Overflow 



Negative 



Figure 25. DSP Status Register 
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DSP FUNCTIONAL DESCRIPTION (Continued) 



Table 9. DSP Status Register Bits 



Status 


Register Bit 


Function 


S15 


(N) 


ALU Negative 


S14 


(OV) 


ALU Overflow 


S13 


(Z) 


ALU Zero 


S12 


(C) 


Carry 


S11 


(U01) 


User Pin 1 1nput (DSP1) 


S10 


(UOO) 


User Pin Input (DSPO) 


S9 


(SH3) 


MPY Output Shifted by 3 Bits 


S8 


(OP) 


Overflow Protection 


S7 


(IE) 


Interrupt Enable 


S6 


(P1) 


User Output (General Purpose) 


S5 


(PO) 


User Output (General Purpose) 


OA CO 


(Hbl) 


General Purpose Register Ban 


Q9 Qn 
oi-ou 


/DPI \ 

(HrL) 


mam romier Loop size 


S2 


S1 


SO Loop Size 








256 








1 2 





1 


4 





1 


1 8 


1 





16 


1 





1 32 


1 


1 


64 


1 


1 


1 128 



PC is the program counter. When this register is assigned 
as a destination register, one NOP machine cycle is added 
automatically to adjust the pipeline timing. 

P is the output register for the 24-bit multiplier. 

EXT3-EXT0 (Extended Registers 0-3) are the Mailbox 
Registers in which the DSP and the Z8 communicate 
(Figure 26). These four 16 bit registers correspond to the 
eight outgoing and eight incoming 8-bit registers in Bank 
B of the Z8's Expanded Register File. 

EXT4 (DSP Interrupt Control Register (ICR)) controls the 
interrupts in the DSP as well as the interrupts in common 
between the DSP and the Z8. It is accessible by the DSP 
only, except for the bit F and bit 9. 

EXT5 (D/A and A/D Data Register) is used by both D/A and 
A/D converters. The D/A converter will be loaded by writing 
to this register, while the A/D converter will be addressed 
by reading from this register. The Register EXT5 is acces- 
sible by the DSP only. 

EXT6 (Analog Control Register) controls the D/A and A/D 
converters. It is a read/write register accessible by the 
DSP only. 
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(B)OO, (B)01 
(B)02, (B)03 



(B)04, (B)05 
(B)06, (B)07 



(A)OO 
D7, D1 



Mail Box Registers 
Outgoing Registers 



D/A and AID Data Registers 



Analog Control Register 







EXTO 
EXT1 










EXT2 
EXT3 











(B)08, (B)09 
(B)0A, (B)OB 

1 










(B)OC, (B)OD 
(B)OE, (B)OF 











EXTO 
EXT1 



DSP Interrupt Control Register 

I DC 



EXT2 
EXT3 

EXT4 



EXT5 



EXT6 



V 



m 
i 

Q 
Q_ 

w 

Q 



Figure 26. Z8-DSP Interface 
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DSP-Z8 Mailbox 

To receive information from the DSP, the Z8 uses eight 
incoming registers which are mapped in the Z8 Extended 
Register File (Bank B, 08 to OF). The DSP treats these as 
four 1 6-bit registers that correspond to the eight incoming 
Z8 registers. 



Both the outgoing registers and the incoming registers 
share the same DSP address (EXT3-EXT0). 

Note: The Z8 can read and write to ERF Bank B R00-R07, 
Registers 08-OF are read only from the Z8. 



Table 10. Outgoing Registers (Read Only from DSP) 



Field (Z8 Side) 


Z8 Position 


Z8 Attributes 


DSP Position 


DSP Attributes 


Label 


Outgoing [0] 


76543210 


R/W 


FEDCBA98 


R 


DSPext0_hi (15-8) 


Outgoing [1] 


76543210 


R/W 


765434210 


R 


DSPextOJo (7-0) 


Outgoing [2] 


76543210 


R/W 


FEDCBA98 


R 


DSPext1_hi (15-8) 


Outgoing [3] 


76543210 


R/W 


765434210 


R 


DSPextUo (7-0) 


Outgoing [4] 


76543210 


R/W 


FEDCBA98 


R 


DSPext2_hi (15-8) 


Outgoing [5] 


76543210 


R/W 


765434210 


R 


DSPext2_lo (7-0) 


Outgoing [6] 


76543210 


R/W 


FEDCBA98 


R 


DSPext3_hi (15-8) 


Outgoing [7] 


76543210 


R/W 


765434210 


R 


DSPext3_lo (7-0) 



Table 10. Incoming Registers (Write Only from DSP) 


Field (Z8 Side) 


Z8 Position 


Z8 Attributes 


DSP Position 


DSP Attributes 


Label 


Incoming [0] 


76543210 


R 


FEDCBA98 


W 


DSPextOJii (15-8) 


Incoming [1] 


76543210 


R 


76543210 


W 


DSPextOJo (7-0) 


Incoming [2] 


76543210 


R 


FEDCBA98 


w 


DSPext1_hi (15-8) 


Incoming [3] 


76543210 


R 


76543210 


w 


DSPextUo (7-0) 


Incoming [4] 


76543210 


R 


FEDCBA98 


w 


DSPext2_hi (15-8) 


Incoming [5] 


76543210 


R 


76543210 


w 


DSPext2_lo (7-0) 


Incoming [6] 


76543210 


R 


FEDCBA98 


w 


DSPext3_hi (15-8) 


Incoming [7] 


76543210 


R 


76543210 


w 


DSPext3 lo(7-0) 
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DSP Interrupts 

The DSP processor has three interrupt sources (INT2, 
INT1, INTO) (Figure 27). These sources have different 
priority levels (Figure 28). The highest priority, the next 
lower and the lowest priority level are assigned to INT2, 



INT1, and INTO, respectively. The DSP does not allow 
interrupt nesting (interrupting service routines that are 
currently being executed). When two interrupt requests 
occur simultaneously, the DSP starts servicing the inter- 
rupt with the highest priority level (Figure 29). 



Z8JNT 
A/D INT 
D/A INT 

IPR2 
IPR1 
IPRO 



Interrupt Priority Logic 
+ 4 A 



Interrupt Request Logic 
IT? — 



FeedBack Z8JNT MPX 



INT2 
1 

INT1 



INTO 



Interrupt Mask Logic 



CLEARJNTO 



CLEAR INT1 



CLEARJNT2 



ENABLEJNT 



INT2 
1 

INT1 _ 
INTO 



Figure 27. DSP Interrupts 



INTO 



INT1 



1NT2 



DSP Execution 



n 



n 



INT2 



INTO 



INT1 



INT2 



Figure 28. DSP Interrupt Priority Structure 
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DSP Interrupts (Continued) 

IRQ2ofthe DSP 



Causes the interrupt of the DSP. Resets the IRQ2 of the DSP 



The DSP can clear 
IRQ2 bit by writing 1 
to this location. 




F/7 


E/6 


D/5 


C/4 


B/3 


A/2 


9/1 


8/0 


7 


6 


5 


4 


3 


2 


1 


■ 



Z8 can read and write IRQ2 bit. 
The bit is set by the Z8 and can 
be cleared only by the DSP. 

■* k> 

IRQ3oftheZ8 

Z8 can reset the IRQ3 bit 
by writing 1 to this location. 




DSP can read and write IRQ3 bit. 
\ The bit is set by the DSP and 
\ can be cleared only by the Z8. 



I 



I +- DELAY LINE (3T) -+* 



Figure 29. Interprocessor Interrupts Structure 



Interrupt Control Register (ICR). The ICR is mapped into 
EXT4 of the DSP (Figure 30). The bits are defined as 
follows. 

DSPJRQ2 (Z8 Interrupt). This bit can be read by both Z8 
and DSP and can be set only by writing to the Z8 expanded 
Register File (Bank F, ROC, bit 0). This bit asserts IRQ2 
of the DSP and can be cleared by writing to the 
Clear_IRQ2 bit. 

DSPJRQ1 (A/D Interrupt). This bit can be read by the DSP 
only and is set when valid data is present at the A/D output 
register (conversion done). This bit asserts IRQ1 of the 
DSP and can be cleared by writing to the Clear_IRQ1 bit. 

DSPJRQO (D/A Interrupt). This bit can be read by DSP 
only and is set by Timer3. This bit assists IRQO of the DSP 
and can be cleared by writing to the ClearJRQO bit. 

DSP_MasklntX. These bits can be accessed by the DSP 
only. Writing a 1 to these locations allows the INT to be 
serviced, while writing a masks the corresponding 
INT off. 



Z8JRQ3. This bit can be read from both Z8 and DSP and 

can be set by DSP only. Addressing this location accesses 
bit D3 of the Z8 IRQ register, hence this bit is not imple- 
mented in the ICR. During the interrupt service routine 
executed on the Z8 side, the user has to reset the Z8JRQ3 
bit by writing a to bit D9. The hardware of the Z89120 
automatically resets Z8JRQ3 bit three instructions of the 
Z8 after is written to its location in register bank OF. This 
delay provides the timing synchronization between the Z8 
and the DSP sides during interrupts. In summary, the 
interrupt service routine of the Z8 for IRQ3 should be 
finished by: 

SRP OF 

AND 0C,#%FD 

POP RP 

IRET 

DSP EnableJNT. Writing a 1 to this location enables 
global interrupts of the DSP while writing disables them. 
A system reset globally disables all interrupts. 

DSPJPRX. This 3-bit group defines the Interrupt Priority 
according to Table 12. 
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hi 



Clear IRQO 

No Effect 

1 Clear IRQO 



Clear IRQ1 

No Effect 

1 Clear IRQ1 

Clear IRQ2 

No Effect 

1 Clear 1RQ2 

DSP Interrupt Priority 

000 IRQO > IRQ1 > IRQ2 

001 IRQO > IRQ2 > IRQ1 

010 IRQ1 >IRQ0>IRQ2 

011 IRQ1 > IRQ2 > IRQO 

100 IRQ2 > IRQO > IRQ1 

101 IRQ2 > IRQ1 > IRQO 

110 Reserved 

1 1 1 Reserved 

DSP Interupt Enable 

Disable 

1 Enable 

Z8 IRQ3 
Set Z8 IRQ3 
Reset Z8 IRQ3 

DSP InterruptO Mask 

Disable INTO 

1 Enable INTO 

DSP Interruptl Mask 

Disable INT1 

1 Enable INT1 

DSP Interrupt2 Mask 

Disable INT2 

1 Enable INT2 

DSP InterruptO Status (DSP IRQO) 
(Read Only) 

INTO Reset 

1 INTO Set 

DSP Interruptl Status (DSP IRQ1) 

INT1 Reset 

1 INT1 Set 

DSP Interrupt2 Status (DSP IRQ2) 

INT2 Reset 

1 INT2Set 



Figure 30. EXT4 DSP Interrupt Control Register (ICR) Definition 



Table 12. DSP Interrupt Priority 


High Priority 


Medium Priority 


Low Priority 




into Interrupt 


intl Interrupt 


int2 Interrupt 


DSPJPR2, 1,0 


IRQO 


IRQ1 


IRQ2 


000 


IRQO 


IRQ2 


IRQ1 


00 1 


IRQ1 


IRQO 


IRQ2 


1 


IRQ1 


IRQ2 


IRQO 


1 1 


IRQ2 


IRQO 


IRQ1 


1 00 


IRQ2 


IRQ1 


IRQO 


1 1 
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DSP Interrupts (Continued) 

ClearJRQX.These bits can be accessed by the DSP only. 
Writing a 1 to these locations resets the corresponding 
DSPJRQX bits to 0. ClearJRQX are virtual bits and are not 
implemented. 

The Z8 can supply the DSP with data through eight 
outgoing registers mapped into both the Z8 Extended 
Register File (Bank B, Registers 00 to 07) and the external 



register interface of the DSP. These registers are R/W and 
can be used as general purpose registers of the Z8. The 
DSP can only read information from these registers. Since 
the DSP uses a 1 6-bit data format and the Z8 uses an 8-bit 
data format, eight outgoing registers of the Z8 correspond 
to four DSP registers. The DSP can only read information 
from the outgoing registers. 



DSP Analog Data Registers 

The D/A conversion is DSP driven by sending 10-bit data 
to the EXT5 of the DSP. The six remaining bits of EXT5 are 
not used (Figure 31). 



The A/D supplies 8-bit data to the DSP through register 
EXT5 of the DSP. From the 16 bits of EXT5, only bits 2 
through 9 are used by the A/D (Figure 32). Bits and 1 are 
padded with zeroes. 



EE 



E 


D 


C 


B I A I 9 I 8 I 7 I 6 I 5 


4 


3 


2 


1 








10-Bit Data for D/A 
(Write Only) 



Figure 31. EXT5 Register D/A Mode Definition 



f|e|d|c|b|a|9 |s| / |s[5 ]^|3 |z |l |o 



8-Bit Data From A/D Converter 
(Read Only) 

Reserved 



Figure 32. EXT5 Register A/D Mode Definition 
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Analog Control Register (ACR) 

The Analog Control Register is mapped to register EXT6 of 
the DSP (Figure 33). This read/write register is accessible 
by the DSP only. 

The 1 6-bit field of EXT6 defines modes of both the A/D and 
the D/A. The High Byte configures the D/A, while the 
Low Byte controls the A/D mode. 

DSP IRQO. Defines the source of DSP IRQO interrupt. 

D/A Converter Effective Sampling Rate. This field de- 
fines the effective sampling rate of the D/A output (Figure 
33). It changes the period of Timer3, which generates the 
interrupt for updating the output sample and in turn affects 
the maximum possible accuracy of the D/A (Table 13). 



Table 13. D/A Data Accuracy 



Sampling Rate 


D/A Accuracy 


64 kHz 


8 Bits 


16 kHz 


10 Bits 


10 kHz 


10 Bits 


4 kHz 


10 Bits 



DSPO. DSPO is a general purpose output pin connected to 
bit 6. This bit has no special significance and may be used 
to output data by writing to bit 6. 

DSP1 . DSP1 is a general purpose output pin connected to 
bit 7. This bit has no special significance and may be used 
to output data by writing to bit 7. 



| 15 | 14 |~ 



12 | 11 | 10 | 9 | 8 | 1 6 | 5 |"1 3 1 2 | 1 |°| 



T 



A/D Converter Sampling Rate 

8 

1 16 

10 32 

11 64 
10 128 

10 1 Re se rved 

1 1 Reserved 
1 1 1 Reserved 

Start A/D Conversion 

Walt for Timer2 Time-Out 

1 Start Immediately 

Conversion Done 

A/D Conversion Not Done 

1 A/D Conversion Done 




Enable A/D 

Disable 

1 Enable 



DSPO 
DSP1 



D/A Converter Sampling Rate 

Reserved 

1 4 kHz 
010 16 kHz 

01 1 10 kHz 
10 64 kHz 

1 1 Reserved 

1 1 Reserved 

1 1 1 Reserved 

Reserved 



DSP IRQO Source 

Timer 3 

1 P26(Z8) 



Figure 33. EXT6 Analog Control Register (ACR) 
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Analog Control Register (Continued) 



Enable A/D. Writing a to this location disables the A/D 
converter, a 1 will enable it. A hardware reset forces this bit 
to be 0. 

Conversion Done. This read only flag indicates that the 
A/D conversion is complete. Upon reading EXT5 (A/D 
data), the Conversion Done flag is cleared. 



Start A/D Conversion. Writing a 1 to this location immedi- 
ately starts one conversion cycle. If this bit is reset to the 
input data is converted upon successive Timer2 time-outs. 
A hardware reset forces this bit to be 1 . 

A/D Converter Sampling Rate. This field defines the 
sampling rate of the A/D. It changes the period of Timer2 
interrupt (Figure 33). 



DSP Timers 



Timer2 is a free running counter that divides the XTAL 
frequency to support different sampling rates for the A/D 
converter. The sampling rate is defined by the Analog 
Control Register. Upon reaching the end of a count, the 
timer generates an interrupt request to the DSP. 

Analogous toTimer2, Timer3 generates the different sam- 
pling rates for the D/A converter. Timer3 also generates an 
interrupt request to the DSP upon reaching its final count 
value (Figure 34). 

Note: that the crystal speed in this example is 20.48 MHz, 
which is the maximum tested speed, but lower speeds 
may be used. 

DSP RAM. The DSP has two 256 word x 16-bit internal 
RAMs (RAMO and RAMI) with three address pointer reg- 
isters for each RAM Bank, P0:0-P2:0 and P0:1-P2:1 . The 
RAM addresses for RAMO and RAMI are arranged from 
255-0 and 256-511, respectively. The address pointers, 
which may be written or read, are 8-bit registers connected 
to the lower byte of the internal 16-bit, D-Bus and are used 
to perform no overhead hardware looping. 



osc 

20.48 MHz 



TIMER2 
128, 64, 32, 16,8 kHz 




A/D 






TIMER3 
64, 16, 10,4 kHz 




D/A 



The contents of the RAM can be read or written in one 
machine cycle per word without disturbing any internal 
registers or status other than the RAM address pointer 
used for each RAM. 

The address of the RAM is specified in one of three ways: 

1. Register Indirect (Figures 35 and 38) Pn:b n = 0-2, 
b = 0-1: The most commonly used method is a register 
indirect addressing method, where the RAM address is 
specified by one of the three RAM address pointers (n) for 
each bank (b). Each source/destination field in Figures 35 
and 39 may be used by an indirect instruction to specify a 
register pointer and its modification after execution of the 
instruction (Figures 35 and 39). 

The register pointer is specified by the first and second bits 
in the source/destination field and the modification is 

>14. 



n1 nO 



D8 


D3 


D2 


D1 


DO 



Figure 35. DSP Register Indirect Fields 



Figure 34. Timer2 and Timer3 



3-40 



PRELIMINARY 



Z89120/Z89920 
16-Brr Mixed Signal Processor 



Table 14. Register Indirect Fields 


o/u neiu 


ft/lnrlifii'*atSnn 

IVIOU M iL-duon 


meaning 


OOxx 


NOP 


No Operation 


01xx 


+ 1 


Simple increment 


10xx 


-1/LOOP 


Decrement modulo the loop count 


11xx 


+ 1/LOOP 


Increment modulo the loop count 


xxOO 


P0:0or P0:1* 


See note a 


xx01 


P1:0 orP1:1* 


See note a 


xx10 


P2:0or P2:1* 


See note a 



notes. 

a If bit 8 is zero, P0:0-2:0 are selected; if bit 8 is one, P0:1-2:1 are selected. 
* P0:0-P2:0 and P0:1-P2:1 refer to the DSP pointer registers 
and not to the I/O ports in the Z8. 



When LOOP mode is selected, the size of the loop is 
obtained from the least-most-significant three bits of the 
Status Register. The increment or decrement of the regis- 
ter is accomplished modulo the loop size. As an example, 
if the loop size is specified as 32 by entering the value 1 01 



into bits 2-0 of the Status Register (S2-S0) and an incre- 
ment +1/LOOP is specified in the address field of the 
instruction, i.e., the RPi field is 11xx, then the register 
specified by RPi will increment, but only the least signifi- 
cant five bits will be affected. 



2. Register Direct (Figure 36): The second method is a 
direct addressing method. The address of the RAM is 
specified by the address field of the instruction directly. 
Because this addressing method consumes nine bits 
(0-511) of the instruction field, some instructions cannot 
use this mode. 



RAM Address 
Opcode 



Figure 36. DSP Internal RAM Address Format 
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DSP Timers (Continued) 



3. Short Form Direct (Figure 37) Dn:b n = 0-3, b = 0-1 : The 
last method is called Short Form Direct Addressing, where 
one-out-of 32 addresses in internal RAM can be specified. 
The 32 addresses are the 1 6 Low addresses in RAM BankO 
and the 16 Low addresses in RAM Bank 1. Bit 8 of the 



instruction field determines RAM Bank or 1. The 16 use this mode. 



addresses are determined by a 4-bit code comprised of 
bits S3 and S4 of the status register and the third and fourth 
bits of the Source/Destination field. Because this mode 
can specify a direct address in a short form, all the 
instructions where the register indirect mode is used can 



D15 


D14 


D13 


D12 


D11 


010 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 1 





Short Immediate Data 



000 P0: 

001 P1 

010 P2: 

011 NA 

1 P0:1 

101 P1:1 

110 P2:1 

111 NA 

Opcode 
0001 1 



Reg. Pointer 

:0 





Figure 37. Short Form Direct Address 



INSTRUCTION FORMAT 



|D15 |D14 D13 |P12 |d11 |d10 | D9 



1 Source field 
■ Destination field 

RAM Bank selection 

Opcode 



Note: 

Source/Destination fields can specify either register or 
RAM addresses in RAM pointer indirect mode. 



Figure 38. General Instruction Format 



3>ZiLOB 
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Table 15. Registers Fields Table 16. Register Pointers Fields 



Source/Destination Register Source/Destination Meaning 



0000 BUS** OOxx NOP 

0001 X 01xx +1 

0010 Y 10xx -1/LOOP 

0011 A 11 xx +1/LOOP 



0100 S xxOO P0:0orP0:1* 

0101 ST xx01 P1:0orP1:1* 

0110 PC xx10 P2:0orP2:1* 

0111 P** 



1 000 EXT0 * If RAM Bank bit is then P0:0-P2:0 are selected. If RAM Bank bit 

1001 EXT1 is 1 then P0:1-P2:1 are selected. Also note, P0:0-P2:0 and P0:1-P2:1 

1010 EXT2 refer to the DSP pointer registers and not to the I/O ports in the Z8. 

1011 EXT3 ** Readonly. 
S4, S3 = bits 4, 3 of Status Register 

1100 EXT4 D3, D2 = bits 4, 3 of Source/Destination Field 

1101 EXT5 

1110 EXT6 

1111 Reserved 



E3 



D15 014ID13 D12 



D11 | DIP D9 | DB D7 | D6 D5 | D4 D3 | D2 D1 j DO j 



Short Immediate Data 

Reg. Pointer 

000 P0:0 

001 P1:0 

010 P2:0 

011 NA 

1 P0:1 

101 P1;1 

110 P2:1 

111 NA 

Opcode 
0001 1 



Figure 39. Short Immediate Data Load Format 
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INSTRUCTION FORMAT (Continued) 



|D15 |014 |D13 |D12 |D11 |D10 I D9 | D8 | 07 | D6 


05 | 04 


D3 | 02 | 01 | | 














|D15 D14 |013 |D12 |d!1 |d10 | D9 [ D8 | D7 [ D6 


D5 |D4 


D3 | D2 | D1 | DO | 



Genera! Instruction Format 



Immediate Data 



Figure 40. Immediate Data Load Format 



| D15 


D14 


D13 


D12 


011 


D10 


D9 


D8 


D7 


D6 


D5 




D3 | D2 


- 





ACC Modification Codes 

00 00 ROR Rotate right 

00 01 ROL Rotate left 

0010 SHR Shift right 

0011 SHL Shift left 

0100 INC Increment (LSB) 

0101 DEC Decrement (LSB) 

0110 NEG Negate 

0111 ABS Absolute 



Condition Codes 

0000 TRUE 

0001 — 

0010 UO0=0 

0011 UO1=0 
01 00 C=0 
0101 Z=0 

0110 ov=o 

0111 N=0 

"I X X X 

0000 TRUE 
0001 

0010 UO0=1 

0011 U01=1 

0100 C=1 

0101 Z=1 

0110 OV=1 

0111 N=1 

1 XXX 

= Negative Condition 

1 = Positive Condition 



Opcode 
1001000 



Figure 41. Accumulator Modification Format 
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|D15 |D14 


D13 


D12 


D11 


DIO 


D9 


D8 


D7 


D6 


D5 | D4 | D3 | D2 


D1 


DO I 











Condition Codes 

0000 TRUE 

0001 — 

010 uoo=o 
0011 UO1=0 

0100 0=0 

0101 Z=0 

0110 ov-o 

0111 N=0 

1 XXX 

0000 TRUE 
0001 

010 UO0=1 
0011 U01=1 

1 C=1 
0101 Z=1 

0110 OV=1 

0111 N=1 

1 XXX 



Condition 

= Negative Condition 

1 = Positive Condition 



Opcode 

0100110 Branch 
01 001 00 Call 



|015 | D14 |P13 ] D12 |D1 1 |pio| D9 j D8 j D7 | D6 j D5 j D4 j D3 j D2 j D1 j DO j 2nd Word 



Branch Address 



Figure 42. Branching Format 



DTS Id14 I D13 1 D12 I D1 1 I DIO I D9 J D8 I D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO 



Reset C Hag 
Set C flag 
Reset IE Flag 
(Interrupt enable) 
Set IE Rag 
Reset OP Flag 
(Overflow protection) 
Set OP Rag 

xxxx 

Opcode 

1 1 1 Mod 



xx 1 

XX 1 1 

x1 xO 

X 1 X 1 

1 xxO 
1xx1 



Figure 43. Flag Modification Format 
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PULSE WIDTH MODULATOR (PWM) 

Digital to Analog Converter 

The analog signal is generated by a 10-bit resolution 
oversampling pulse distribution modulator (OPDM). The 
OPDM output is a digital signal with to V cc output levels. 
The effective sampling rate is directly programmable by 
the DSP processor and indirectly by the Z8® processor. 
The effective sampling rate is a function of the external 
clock frequency and the mode set by the Analog Control 
Register (ACR) (see Figure 33). For a clock frequency of 
20.48 MHz, effective sample rates of 4, 1 0, 1 6, and 64 kHz 
are available. The output must be filtered by an appropri- 
ate external reconstruction filter to obtain an analog signal. 

The converter accepts 10-bit inputs for the 4,10, and 16 
kHz modes and eight bits for the 64 kHz mode. The 
effective sample period is the time it takes to output 
successive samples which is found by taking the recipro- 
cal of the effective sample rate. Example: Assume a 
system clock of 20.48 MHz with the converter 
programmed via the ADC for the 1 6 kHz mode. Then actual 
effective sample rate is 16 kHz and the sample period is 
1 + 1 6x1 3 , or 62.5 lis. If the system clock were 1 9.432 MHz, 
then the effective sample rate would actually be 14.4 kHz 
and the sample period 1+14.4kHz, or 69.4 lis. 



A sample period is divided into small time slots which are 
filled with pulses proportional to the digital input value to be 
converted. Some modes may have more time slots than 
the 8- or 10-bit input value can fill. In this case there is an 
active area and an inactive area filled with zeroes. In the 4 
kHz mode there are 5120 possible slots of which 4096 of 
these (4 x 1024) are actually used, (divided into 4 groups 
of 1 024), which repeat the same pattern. These 1 024 slots 
are divided into 32 equidistant groups of 32 bits called 
C-slots. In the 10 kHz mode there are 2048 possible slots. 
All 2048 are used, (2 groups of 1024) which are then 
divided into C-slots as in the 4 kHz mode. In the 16 kHz 
mode, there are 1280 slots of which 1024 are used. The 
1024 group is divided into C-slots as in the 4 kHz mode. 

In the 64 kHz mode, there are 320 time slots of which 256 
are actually used. The 256 slots are divided into eight 
C-slots. The 10 kHz mode is the only mode where all time 
slots can potentially be filled. 
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Digital to Analog Converter (Continued) 



4 kHz mode (10 bit resolution) 

sample period 
4096 active slots 

1024 



inactive 



1024 



1024 



1024 



5120 slots 



1024 



C-slots 



All 4-1024 blocks are 
filled together. The 1024 
block corresponds to the 
numbers of slots possible from 
a1 bit number. The 1st 
5 bits are used to fill a C-slot.. 
Bits 6-10 are used to insert 
filled C-slots. 



32 


32 


32 


32 




32 


32 


32 





















10 kHz mode (10 bit resolution) 

sample period 



1024 



2048- 



1024 



subdivided into C-slots as above 



Both 1024 blocks are 
filled together. The 1st 
5 bits fill a Cslot. Bits 
6-10 are used to insert 
filled C-slots. 




16 kHz mode (10 bit resolution) 

sample period 

H 1280 



256 inactive 



1024- 



subdivided into C-slots as above 



The 1st 5 bits fill a C-slot. 
Bits 6-10 are used to insert 
filled C-slots. 



64 kHz mode (8 bit resolution) 

sample period 



320- 



64 inactive 



256 



32 1 32 | 32 | 32 1 32 1 32 | 32 | 32 
C-slots 



The 1st 5 bits fill a C-slot. 
Bits 6, 7 and 8 are used to 
insert the correct number 
of filled C-slots. 



Figure 44. PWM Output 
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A/D CONVERTER (ADC) 

Analog To Digital Converter 

The A/D converter is an 8-bit half-flash converter which 
uses two reference resistor ladders for its upper four bits 
(MSBs) and lower four bits (LSBs) conversion (Figure 45). 
Two reference voltage pins, V REF+ (High) and V REF . (Low), 
are provided for external reference voltage supplies. Dur- 
ing the sampling period, the converter is auto-zeroed 
before starting the conversion depending on the external 



clock frequency and the selection of the A/D sampling 
rate. The sampling rates are in the order of 8, 16, 32, 64, or 
128 kHz (XTAL = 20.48 MHz) in order to provide 
oversampling. The rates are software controlled by the 
ACR (DSP Extended Register 6). Timer2 supports the 
ADC. The minimum conversion time is 2 lis. 



AN IN 




Sample 



Bits 9-2 ext 5 of DSP 



Figure 45. A/D Converter 



Conversion begins by writing to the appropriate bit in the 
Analog Control Register (ACR). The start commands are 
implemented in such a way as to begin a conversion at any 
time. If a conversion is in progress and a new start 
command is received, then the conversion in progress is 
aborted and a new conversion initiated. This allows the 
programmed values to be changed without affecting a 
conversion-in-progress. The new values take effect only 
after a new start command is received. 



The ADC can be disabled (for low power) or enabled by an 
ACR bit. 

Though the ADC functions for a smaller input voltage and 
voltage reference, the noise and offsets remain constant 
over the specified electrical range. The errors of the 
converter will increase and the conversion time may < 
take slightly longer due to smaller input signals. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

S RJlJTJlJlJlJlJlJLri^^ 



Start Corn. 



Start MSB 



1.VIN->COMPLSB 



2.VREF-.COMPLSB 



Start LSB 



a 

o 
o 
z 
< 
m 

SJ 
H 

m 

30 

> 
o 

o 

o 

o 

ZJ 
Zj' 

cz 

CD 
Q. 



3.VIN->C0MPLSB ' 



4.VREF^C0MPLSB 



X 



1.3 VIN 
VREF 



2.4 VIN 
VREF 



-ii-Xp — ii^^l^ 



The rising edge of the "start conv" occurs upon invoking the start conversion 
bit in EXT6 or upon Timer2 Time-Out. 

The fading edge occurs 24 CLfCs after the first conversion started. 

The duration of the start conv. signal is the conversion time of the A/D 
converter which cannot be shorter than (24+1 ). TXTAL = 2.4us 



Figure 46. ADC Timing Diagram 
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A/D CONVERTER (ADC) (Continued) 



Figure 47a shows the input circuit of the ADC. When 
conversion starts, the analog input voltage from the input 
is connected to the MSB and LSB flash converter inputs as 
shown in the Input Impedance circuit diagram. Shunting 
31 parallel internal resistances of the analog switches and 
simultaneously charging 31 parallel 0.5 pF capacitors 
(only the first, 0.5 pF caps matter) is equivalent to a 400 
Ohm input impedance in parallel with a 16 pF capacitor. 
Other input stray capacitance adds about 10 pF to the 
input load. Input source resistances of up to 2 kOhms can 
be used under normal operating conditions without any 
degradation of the input settling time. For larger input 
source resistance, longer conversion cycle times may be 
required to compensate for the input settling time problem. 
V HEF is set using the V HEF+ pin. 



The operation of the flash converter is divided into two 
parts. The first section converts the four MSBs and the 
second similar section converts the four LSBs. Before a 
conversion starts all the switches across the comparators 
are shut, thus forcing input and output to V cc +2. The input 
switches are also closed, forcing the 0.5 pF sample ca- 
pacitors to track the input voltage on one side while the 
other side is held at V cc +2. When the switch inputs (Si) 
open the charge is stored on the sample capacitor. A linear 
resistor ladder divides the reference voltage into 32 equal 
steps. When the Si's open, they are connected to the 
stepped reference voltages at the same time the switch 
comparators (Sc's) are opened, allowing the input to 



VRef+ 



R Source 



r-(Q-w^" 



C Parasitic 




31 

Comparators 



G1 t 



NMOS 
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on resistance = 2-5 kn 

Figure 47a. Input Impedance of ADC 
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the comparator to change. The new input to the comparator 
will be the sum of the original voltage across the sample 
cap and the reference voltage. This voltage is compared 
to V cc +2 on the threshold of the comparator. For any given 
input voltage, the 31 comparators will divide between all 
"on" above the input voltage and all "off" below it. The 
parallel output then is converted by logic into a binary 
value. 



Once the determination has been made as to which point 
in the resistor divider the signal came closest to, the 
second part of the conversion takes place. In this case, the 
LSB part of the signal is across the resistor in the ladder 
adjacent to the comparison point. A second resistor ladder 
and comparators similar to the first are connected across 
the resistor. (See Figure 47b). A second conversion similar 
to the first takes place to complete the LSB portion. 



1st ladder 
VRef+ 



2nd ladder 




Initial 
compare 
point 



VRef- 



Figure 47b. Input Impedance of ADC 
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ABSOLUTE MAXIMUM RATINGS 



Symbol Description Min Max Units 

V cc Supply Voltage (*) -0.3 +7.0 V 

T STG Storage Temp -65° +150° C 

T A Oper Ambient Temp f C 



Notes: 

" Voltage on all pins with respect to GND. 
t See Ordering Information. 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe- 
riod may affect device reliability. 



STANDARD TEST CONDITIONS 



The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 48). 



+5V 



2.1 k£2 



From Output 
Under Test °~ 



150 pF 7jZ 



9.1 kn 



Figure 48. Test Load Diagram 



CAPACITANCE 

T A = 25°C, V cc = GND = 0V, f = 1 .0 MHz, unmeasured pins returned to GND. 



Parameter 


Max 


Input capacitance 


12 pF 


Output capacitance 


12 pF 


I/O capacitance 


12 pF 



3-52 



PRELIMINARY 



Z89120/Z89920 
16-Brr Mixed Signal Processor 



DC ELECTRICAL CHARACTERISTICS 



Sym 


Parameter 


Note [1] 


T A = 0°C to +70°C 
Min Max 


Typical 

@ 25°C 


Units 


Ice 
'cci 

'cC2 


Supply Current 
HALT Mode Current 
STOP Mode Current 


5.0V 
5.0V 
5.0V 


65 
10 
20 


40 
6 
6 


mA 
mA 

ma 


Notes: 

[1]5.0V±0.5V. 



DC ELECTRICAL CHARACTERISTICS 



Sym Parameter 



Vcc 
Note [1] 



T. = 0°C to +70°C 

A 



Min 



Max 



Typical 

@25°C 



Units Conditions 



Max Input Voltage 
Clock Input High Voltage 



3.3V 
5.0V 
3.3V 
5.0V 



0.7 V B 
0.7 V„ 



7 
7 

Vcc+0.3 
Vcc+0.3 



V l |N 250 uA 

V l IN 250 uA 

1.3 V Driven by External Clock Generator 

2.5 V Driven by External Clock Generator 



Clock Input Low Voltage 
Input High Voltage 



3.3V 
5.0V 
3.3V 
5.0V 



GND-0.3 
GND-0.3 
0-7 V cc 
0.7 V„ 



0-2 V cc 
0-2 V cc 

Vcc+0.3 
V^+0.3 



0.7 
1.5 
1.3 
2.5 



Driven by External Clock Generator 
Driven by External Clock Generator 



Input Low Voltage 



3.3V 
5.0V 



GND-0.3 
GND-0.3 



0.2 V H 
0.2 V„ 



0.7 
1.5 



^OH 


Output High Voltge 


3.3V 


Vcc^-4 




3.1 


V 


l 0H = -2.0 mA 




5.0V 


V" 




4.8 


V 


l 0H = -2.0 mA 




Output Low Voltage 


3.3V 




0.6 


0.2 


V 


l OH = +4.0 mA 




5.0V 




0.4 


0.1 


V 


l OL = +4.0 mA 


V 

"OL2 


Output Low Voltage 


3.3V 




1.2 


0.3 


V 


l 0L = +6mA,3PinMax 




5.0V 




1.2 


0.3 


V 


l 0L = +12mA,3PinMax 



Reset Input High Voltage 
Reset Input Low Voltage 



3.3V 
5.0V 
3.3V 
5.0V 



0-8 V cc 
0-8 V cc 
GND-0.3 
GND-0.3 



cc 

Vcc 
0.2 V c , 

0.2 V„ 



1.5 
2.1 
1.1 
1.7 



V™«„ 

OFFSET 


Comparator Input Offset 


3.3V 




25 


10 


mV 






Voltage 


5.0V 




25 


10 


mV 




i 


Input Leakage 


3.3V 


-1 


1 


<1 


1* 


V =OV V 

V IN UV ' v cc 






5.0V 


-1 


1 


<1 


uA 


V =0V V 

V IN uv ' v cc 




Output Leakage 


3.3V 


-1 


1 


<1 


MA 


v IN =ov,v cc 






5.0V 


-1 


1 


<1 


uA 


v IN =ov,v cc 




Reset Input Current 


3.3V 




-45 


-20 


MA 








5.0V 




-55 


-30 


ma 
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AC CHARACTERISTICS 

External I/O or Memory Read and Write Timing Diagram 



Port o, /DM 



Portl 



ZDS 
(Read) 



Portl 



/DS 
(Write) 




Figure 49. External I/O or Memory Read/Write Timing 
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Z89120/Z89920 
16-Brr Mixed Signal Processor 


AC CHARACTERISTICS 

External I/O or Memory Read and Write Timing Table 


No Symbol 


Parameter 


[4] 


T A =0°C to +70°C 
Min Max 


Units 


Notes 


1 TdA(AS) 

2 TdAS(A) 


Address Valid to /AS Rise Delay 
/AS Rise to Address Float Delay 


5.0V 
5.0V 


25 
35 


ns 
ns 


[2,3] 
[2,3] 


3 TdAS(DR) 

4 TwAS 


/AS Rise to Read Data Req'd Valid 
/AS Low Width 


5.0V 
5.0V 


150 

35 


ns 
ns 


[1,2,3] 
[2,3] 


5 TdAZ(DS) 

6 TwDSR 


Address Float to /DS Fall 
/DS (Read) Low Width 


5.0V 
5.0V 




125 


ns 
ns 


[1,2,3] 


7 TwDSW 

8 TdDSR(DR) 


/DS (Write) Low Width 

/DS Fall to Read Data Req'd Valid 


5.0V 
5.0V 


75 

90 


ns 
ns 


[1,2,3] 
[1,2,3] 


9 ThDR(DS) 

10 TdDS(A) 


Read Data to /DS Rise Hold Time 
/DS Rise to Address Active Delay 


5.0V 
5.0V 




40 


ns 
ns 


[2, 3] 
[2,3] 


11 TdDS(AS) 

12 TdR/W(AS) 


/DS Rise to /AS Fall Delay 
R//W Valid to /AS Rise Delay 


5.0V 
5.0V 


35 
25 


ns 
ns 


[2, 3] 
[2,3] 


lo lUuo^n/VVJ 

14 TdDW(DSW) 


/n? Rkp tn R//W Mnt Valid 
/Uo nlbc IU n//VV INJUL VdllU 

Write Data Valid to /DS Fall (Write) Delay 


o.uv 
5.0V 


40 


ns 
ns 


[2,3] 


15 TdDS(DW) 

16 TdA(DR) 


/DS Rise to Write Data Not Valid Delay 
Address Valid to Read Data Req'd Valid 


5.0V 
5.0V 


25 

180 


ns 
ns 


[2,3] 
[1,2,3] 


17 TdAS(DS) 

18 TdDI(DS) 

19 TdDM(AS) 


/AS Rise to /DS Fall Delay 
Data Input Setup to /DS Rise 
/DM Valid to /AS Fall Delay 


5.0V 
5.0V 
5.0V 


48 
50 
20 


ns 
ns 
ns 


[2,3] 
[1,2,3] 
[2, 3] 



Notes: 

[1 ] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are tor minimum TpC. 
[3] See clock cycle dependent characteristics table. 
[4] 5.0V ± 0.5V. 



Standard Test Load 

All timing references use 0.9 V cc for a logic! and 0.1 V cc for a logicO. 
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AC ELECTRICAL CHARACTERISTICS 

Additional Timing Diagram 



Clock 



TIN 



IRON 



©H 



CiH 



-®-H 



©»l I- -J k© I—-®— I 



"^t-©-«f - 




Stop 
Mode 
Recovery 
Source 



X 



K 



-©- 



Figure 50. Additional Timing 
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AC ELECTRICAL CHARACTERISTICS 

Additional Timing Table 


No Symbol 


Parameter 


Vcc 
Note [5] 


T A =0°C to +70°C 
Min Max 


Units 


Notes 


1 TpC 

2 TrC.TfC 


Input Clock Period 

Clock Input Rise & Fall Times 


5.0V 
5.0V 


48.83 

6 


ns 
ns 


[1] 
[1] 


3 TwC 

4 TwTinL 


Input Clock Width 
Timer Input Low Width 


5.0V 
5.0V 


16 

70 


ns 
ns 


[1] 


5 TwTinH 

6 TpTin 


Timer Input High Width 
Timer Input Period 


5.0V 
5.0V 


3TpC 
8TpC 




[1] 
[1] 


7 TrTin, 
TfTin 
8A TwIL 


Timer Input Rise & Fall Timer 
Int. Request Low Time 


5.0V 
5.0V 


100 

70 


ns 
ns 


[1] 
[1.2] 


8B TwIL 
9 TwIH 


Int. Request Low Time 
Int. Request Input High Time 


5.0V 
5.0V 


3TpC 
3TpC 




[1] 
[1] 


10 Twsm 

11 Tost 


Stop-Mode Recovery Width Spec 
Oscillator Startup Time 


5.0V 
5.0V 


12 
5TpC 
5TpC 


ns 


[1] 
[3] 


12 Twdt 


Watch-Dog Timer 


5.0V 
5.0V 
5.0V 
5.0V 


5 
15 
25 
100 


ms 
ms 
ms 
ms 


DO = [4] 
D0 = 1 [4] 
D0 = 0[4] 
DO = 1 [4] 



Notes: 

[1] Timing Reference uses 0.9 V^. for a logid and 0.1 V^. for a logicO. 
[2] Interrupt request via Port 3 (P31-P33). 
[3] SMR-D5 = 0. 
[4] Reg. WDT. 
[5] 5.0V ± 0.5V. 
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AC ELECTRICAL CHARACTERISTICS 

Handshake Timing Diagrams 



Data In 



/DAV 
(Input) 



RDY 
(Output) 



X 



Data In Valid 



— ©— 



X 



4- 
4- 



Next Data In Valid 



Delayed DAV 



4- 



•f 



*— (5> 



4- 



Delayed RDY / 



-©— 



Figure 51. Input Handshake Timing 




Figure 52. Output Handshake Timing 
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Z89120/Z89920 
n Signal Processor 


AC ELECTRICAL CHARACTERISTICS 

Handshake Timing Table 


No Symbol 


Parameter 


Note [1] 


T A =0°Cto+70°C 
Min Max 


Units 


Data 
Direction 


1 TsDI(DAV) 

2 ThDI(DAV) 


Data In Setup Time 
Data In Hold Time 


5.0V 
5.0V 




115 




ns 
ns 


IN 
IN 


3 TwDAV 

4 TdDAVI(RDY) 


Data Available Width 
DAV Fall to RDY Fall Delay 


5.0V 
5.0V 


I IU 


115 


ns 
ns 


IN 
IN 


6 TdDO(DAV) 


DAV Rkp tn RDY Ricp Hplfly 

RDY Rise to DAV Fall Delay 


5.0V 
5'0V 





80 


ns 
ns 


IN 
IN 


7 TcLDAVO(RDY) 

8 TcLDAVO(RDY) 


Data Out to DAV Fall Delay 
DAV Fall to RDY Fall Delay 


5.0V 
5.0V 


25 





ns 
ns 


OUT 
OUT 


9 TdRDYO(DAV) 

10 TwRDY 

11 TdRDYOd(DAV) 


RDY Fall to DAV Rise Delay 
RDY Width 

RDY Rise to DAV Fall Delay 


5.0V 
5.0V 
5.0V 


80 


115 
80 


ns 
ns 
ns 


OUT 
OUT 
OUT 



Note: 

[1] 5.0V ± 0.5V 
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ELECTRICAL CHARACTERISTICS 

A/D Electrical Characteristics 

T A = 0°C - 70°C; V cc = 5.0V ± 0.5V 








Parameter 1 


Minimum 


Maximum 


Typical 


Units 


Resolution 
Integral non-linearity 
Differential non-linearity 
Zero Error at 25°C 




1 

0.5 
50 


8 

0.5 


bits 
Isb 
Isb 
mV 


Power Dissipation 
Clock Frequency 
Clock Pulse Width 
Input Voltage Range 


35 
AN GND 


75 
20 

ANV CC 


35 


mW 
MHz 

ns 

V 


Conversion Time 
Input Capacitance on 
VA HI range damage 
VA L0 range damage 


AN GND 
AN GND 


2 

60 
ANV CC 
ANV CC 




LIS 

PF 
V 
V 


ANV CC 
III ana 

III VA HI , VA L0 


V S s 
AN GND 
-10 
TBD 




ANV CC 

V cc 
+ 10 

TBD 




V 

V 
|1A 
llA 
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Z8 EXPANDED REGISTER FILE REGISTERS 
Expanded Register Bank B 



(B)00 





3 1 2 I 


l° 





1 DSP EXTO, Bits D1 5-D8 

Figure 53. Outgoing Register to DSP EXTO 
(High Byte) 
(B) 00H [Read/Write] 



(B)01 

I 7 I 6 I 5 I 4 I 3 I 2 I 1 l° I 



1 DSP EXTO, Bits D7-D0 

Figure 54. Outgoing Register to DSP EXTO 
(Low Byte) 
(B) 01 H [Read/Write] 



(B)02 



| 7| 6| 5| 4| 3 




• 





■ DSP EXT1 , Bits D1 5-D8 

Figure 55. Outgoing Register to DSP EXT1 
(High Byte) 
(B) 02H [Read/Write] 



(B)03 



I DSP EXT1 , Bits D7-D0 

Figure 56. Outgoing Register to DSP EXT1 
(Low Byte) 
(B) 03H [Read/Write] 







(B)04 



DSPEXT2, BitsD15-D8 



Figure 57. Outgoing Register to DSP EXT2 
(High Byte) 
(B) 04H [Read/Write] 



(B)05 

\7 6 5 4 3 2 1 



I DSP EXT2, Bits D7-D0 

Figure 58. Outgoing Register to DSP EXT2 
(Low Byte) 
(B) 05H [Read/Write] 



(B) 06 

hH'H'Hi l° ] 

*- DSP EXT3, Bits D1 5-D8 

Figure 59. Outgoing Register to DSP EXT3 
(High Byte) 
(B) 06H [Read/Write] 



(B)07 





| 5| «| 3 |2 | 







1 DSP EXT3, Bits D7-D0 

Figure 60. Outgoing Register to DSP EXT3 
(Low Byte) 
(B) 07H [Read/Write] 
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Expanded Register Bank B (Continued) 



(B)08 



7 6 5 4 3 2 1 



(B)OC 



6 5 4 3 2 1 



El 



DSPEXT2, Bits D1 5-D8 



Figure 61. Incoming Register from DSP EXTO 
(High Byte) 
(B) 08H [Read Only] 



Figure 65. Incoming Register from DSP EXT2 
(High Byte) 
(B) OCH [Read Only] 



(B)09 



6 l 5 I 4 I 3 I 2 I 1 l° I 



DSP EXTO, Bits D7-D0 



(B) OD 



DSP EXT2, Bits D7-D0 



Figure 62. Incoming Register from DSP EXTO 
(Low Byte) 
(B) 09H [Read Only] 



Figure 66. Incoming Register from DSP EXT2 
(Low Byte) 
(B) ODH [Read Only] 



(B)0A 



7 6 5 4 3 2 1 



3D 



DSP EXT1, Bits D15-D8 



(B)0E 



1 



- DSP EXT3, Bits D15-D8 



Figure 63. Incoming Register from DSP EXT1 
(High Byte) 
(B) OAH [Read Only] 



Figure 67. Incoming Register from DSP EXT3 
(High Byte) 
(B) OEH [Read Only] 



(B)0B 



DSP EXT1, Bits D7-D0 



(B) OF 

1 



DSP EXT3, Bits D7-D0 



Figure 64. Incoming Register from DSP EXT1 
(Low Byte) 
(B) OBH [Read Only] 



Figure 68. Incoming Register from DSP EXT3 
(Low Byte) 
(B) OFH [Read Only] 
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Expanded Register Bank F 



PCON (FH) 00H 



| D7| D6| D5| 04 1 D3 1 D2| D1 1 DO | 



Comparator Output Port 3 

P34, P35 Standard Output* 

1 P34, P35 Comparator Output 

Port Configuration Bit 

Open Drain 

1 Push-Pull Active* 

Port 1 Configuration Bit 

Port 1 Open Drain 

1 Port 1 Push-Pull Active 



P5M (FH) 05H 



| D7 1 D6 | PS | D4 | D3 1 D2 1 D1 | DO | 
1 



P50-P57 I/O Definition 

Defines Bit as Output 

1 Defines Bit as Input 



Figure 73. Port 5 Mode Register 
(F) 05H [Write Only] 



■ Default Setting After Reset 



Figure 69. Port Configuration Register (PCON) 
(F) 00 [Write Only] 



P4D (FH) 02H 



D6 D5 D4 D3 D2 



| Dl| D0| 



P45CON (FH) 06H 

| D7 1 PS | D5| D4| D3| D2| D1 1 Do| 



Port 4 Configuration Bit 

Open Drain 

1 Push-pull Active 

Reserved 

Port 5 Configuration Bit 

Open Drain 

1 Push-pull Active 

Reserved 



Figure 70. Port 4 Data Register 
(F) 02H [Read/Write] 



P4M (FH) 03H 

| D7| D6| D5| D4| D3 1 D2 1 D1 | Dp| 
1 



P40-P47 I/O Definition 

Defines Bit as Output 

1 Defines Bit as Input 



Figure 71 . Port 4 Mode Register 
(F) 03H [Write Only] 



P5D (FH) 04H 



| D7| D6| D5| D4| D3 1 D2| D1 1 Dp| 



Data 



Figure 72. Port 5 Data Register 
(F) 04H [Read/Write] 



Figure 74. Port 4 and 5 Configuration Register 
(F) 06H [Write Only] 



SMR (FH) OBH 



D6 D5 D4 D3 



i | D2 | D1 | I 



* Default setting after 




SCLK/TCLK Divide by 16 

OFF * 

1 ON 

RESERVED 

Stop Mode Recovery Source 

000 POROnly* 

001 Reserved 

010 P31 

011 P32 

100 P33 

101 P27 

110 P2 NOR 0-3 

111 P2 NOR 0-7 

Stop Delay 

OFF 

1 ON • 

Stop Recovery Level 

Low* 

1 High 

Stop Flag 

POR* 

1 Stop Recovery 



Figure 75. Stop-Mode Recovery Register (SMR) 
(F) OBH [ReaaVWrite] 
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Expanded Register Bank F (Continued) 



DSPCON (FH) OCH 



|"d7 D6| Ds| D4| D3 02 1 D1 1 Do] 



Write Read 

No Effect Z8IRQ3 Reset 

1 Clear Z8IRQ3 1 28IRQ3Set 

Write Read 

No Effect DSP INT2 Reset 

1 SetDSPINT2 1 DSP INT2 Set 



DSP Run 

Halt DSP 

1 Run DSP 

DSP Reset (Write Only) 

No Effect 

1 Reset DSP 

Z8 SCLK 

00 2.5 MHz (OSC+8) 

01 5 MHz (0SO4) 
1x 10MHz(0SO2) 



Figure 76. DSP Control Register 
(F) OCH [Read/Write] 



WDTMR (FH)OFH 



D7 D6 D5 D4 D3 D2 




WDT TAP INTRCOSC External Clock 

00 5 ms 256 TpC 

01 • 15 ms 512 TpC 

10 25 ms 1 024 TpC 

11 100 ms 4096 TpC 

WDT During HALT 

OFF 

1 ON* 

WDT During STOP 

OFF 

1 ON* 

XTAL1/INT RC Select for WDT 

On-Board RC * 

1 XTAL 



* Default setting after RESET 



Figure 77. Watch-Dog Timer Mode Register 
(F) OFH [Read/Write] 
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Z8 CONTROL REGISTERS 



R240 



| D7| D6| D5| D4| D3 ] D2 1 D1 | Do| 
1 



RESERVED 



Figure 78. Reserved 
(FOH) 



[d7 "pTj 



D5 D4 D3 D2 D1 







No Function 

1 Load TO 

Disable TO Count 

1 Enable TO Count 

No Function 

1 LoadTI 

Disable T1 Count 

1 Enable T1 Count 



TIN 

00 External Clock Input 

01 Gate Input 

10 Trigger Input 
(Non-retriggerable) 

1 1 Trigger Input 
(Retriggerable) 

TOUT Modes 

00 Not Used 

01 TO Out 

10 T1 Out 

1 1 Internal Clock Out 



EE 



D6 D5 D4 D3 D2 



?| D1 I DO I 



Count Mode 

T1 Single Pass 

1 T1 Modulo N 

Clock Source 
1 T1 Internal 

T1 External Timing Input 
(TIN)I' ' 



Prescaler Modulo 
(Range: 1-64 Decimal 
01 -00 HEX) 



Figure 81. Prescaler 1 Register 
(F3H:Write Only) 



| D7| D6 1 Ds| D4| D3| D2 1 D1 1 Dp| 
1 



TO Low Byte Initial Value 
(When Written) 

TO Low Byte Current Value 
(When Read) 



Figure 82. Counter/Timer Register 
(F4H:Read/Write) 




Figure 79. Timer Mode Register 
(F1H:Read/Write) 



| D7 | D6 | D5 


D4 1 D3 1 D2 | D1 | DO | 






L_ 


| D7| D6| D5| D4| D3| D2| D1 | Do| 






I T1 Low Byte Initial Value 


(When Written) 





s Current Value 



Count Mode 

1 



Prescaler Modulo 



Figure 80. Counter/Timer 1 Register 
(F2H:Read/Write) 



Figure 83. Prescaler Register 
(F5H: Write Only) 
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Z8 CONTROL REGISTERS (Continued) 



R248P01M 



| D7 1 D6 | D5 1 D4 


D3| D2 


D1 


DO 



[d7 D6 I D5 I D4~ D3 | D2 | D1 | DO | 



P20 - P27 I/O Definition 

Defines Bit as Output 

1 Defines Bit as Input 



Figure 84. Port 2 Mode Register 
(F6H: Write Only) 



R247 P3M 



[ D7| D6 | D5|"d4 D3 | D2 | D1 |~ 



Port 2 Pull-Ups Open Drain 

1 Port 2 Pull-Ups Active 

P31, P32 Digital Mode 

1 P31.P32 Analog Mode 

P32 = Input 
P35 = Output 

1 P32=/DAV0/RDY0 
P35 = RDYO//DAVO 

00 P33= Input 
P34 - Output 

01 P33 = Input 
P34 = /DM 

10 P33= Input 
P34 = /DM 

11 P33 = /DAV1/RDY1 
P34=RDY1//DAV1 

P31 = Input (TIN) 
P36 a Output (TOUT) 

1 P31 =/DAV2/RDY2 
P36 = RDY2//DAV2 

P30 = Input 
P37 = Output 



POO - P03 Mode 

00 Output 

01 Input 

1X A11 - A8 

Stack Selection 

External 

1 Internal 

P10-P17Mode 

00 Byte Output 

01 Byte Input 

10 AD7-AD0 

1 1 High-Impedance AD7 - ADO, 
/as, ids, mm. A11 -A8, 
A15-A12, If Selected 

External Memory Timing 

Normal 

1 Extended 

P04 - P07 Mode 

00 Output 

01 Input 

1X A15-A12 



Figure 86. Port Mode Register 
(F8H: Write Only) 



Figure 85. Port 3 Mode Register 
(F7H:Write Only) 



D6 D5 D4 D3 D2 D1 DO 



Interrupt Group Priority 

000 Reserved 

001 C>A>B 

010 A>B>C 

011 A>C>B 

100 B>C>A 

101 C>B>A 

110 B>A>C 

1 1 1 Reserved 

IRQ1 , IRQ4 Priority (Group C) 

IRQ1 > IRQ4 

1 IRQ4 > IRQ1 

IRQ0, IRQ2 Priority (Group B) 

IRQ2>IRQ0 

1 IRQ0>IRQ2 

IRQ3, IRQ5 Priority (Group A) 

IRQ5>IRQ3 

1 IRQ3>IRQ5 



Figure 87. Interrupt Priority Register 
(F9H:Write Only) 
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R250 IRQ 





D6 I D5 


04 


D3 


D2 


D1 


DO 1 1 D7 


D6 


D5 


D4 | D3 1 D2 | D1 | DO | 









IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 a P31 Input 
IRQ3=DSP 
IRQ4 = T0 
IRQ5 = T1 

Inter Edge 
P31 i P32 4 = OO 
P31i P32T =01 
P31 T P32i =10 
P31 U P32TJ.-11 



Expanded Register File Bank 
Working Register Group 



Figure 91. Register Pointer 
(FDH:Read/Write) 



Figure 88. Interrupt Request Register 
(FAH:Reao7Write) 



D7 | D6 | D5 [ D4 | D3 1 D2 1 D1 | DO | 



Stack Pointer Upper 
Byte(SP8-SP15) 



| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | 



1 Enables IRQ0-IRQ5 
(DO = IRQO) 

1 Enables RAM Protect 

1 Enables Interrupts 



Figure 89. Interrupt Mask Register 
(FBH:Read/Write) 



D7 D6 D5 D4 D3 D2 D1 DO 



User Flag F1 
User Flag F2 
Halt Carry Flag 
Decimal Adjust Flag 
Overflow Flag 
Sign Flag 
Zero Flag 
Carry Flag 



Figure 92. Stack Pointer High 
(FEH:Read/Write) 



R255 SPL 



| D7 j 06 | D5 | D4 [ D3 j 02 | D1 | DO | 



Stack Pointer Lower 
Byte (SPO - SP7) 




Figure 93. Stack Pointer Low 
(FFH:Read/Write) 



Figure 90. Flag Register 
(FCH: Read/Write) 
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Z8 INSTRUCTION SET NOTATION 



Addressing Modes. The following notation is used to Flags. Control register (R252) contains the following six 
describe the addressing modes and instruction opera- flags: 
tions as shown in the instruction summary. 







Symbol 


Meaning 


Symbol 


Meaning 


c 


Carry flag 


IRR 


Indirect register pair or indirect working- 


z 


Zero flag 




register pair address 


s 


Sign flag 


Irr 


Indirect working-register pair only 


V 


Overflow flag 


X 


Indexed address 


D 


Decimal-adjust flag 




Ull cUL aUUlcoo 


H 

n 


Hnlf-r'arrv flan 
nan oai i y nay 


RA 


Relative address 






IM 


Immediate 


Affor*toH fl' 
MlleOleU lie 


iyb dry iriuioditsu uy. 


R 


Register or working-register address 






r 


Working-register address only 





Clear to zero 


IR 


Indirect-register or indirect 


1 


Set to one 




working-register address 




Set to clear according to operation 


lr 


Indirect working-register address only 




1 Inaffprtpd 

ui iai icuicu 


RR 


Register pair or working register pair 


x 


I JnHpf inpri 




address 






Symbols. The following symbols are used in describing 






the instruction set. 






Symbol 


Meaning 






dst 


Destination location or contents 






src 


Source location or contents 






cc 


Condition code 









Indirect address prefix 






SP 


Stack Pointer 






PC 


Program Counter 






FLAGS 


Flag register (Control Register 252) 






RP 


Register Pointer (R253) 






IMR 


Interrupt mask register (R251) 
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CONDITION CODES 


Value 


Mnemonic 


Meaning 


Flags Set 


1000 
0111 

1111 

0110 
1110 


c 

NC 

z 

NZ 


Always True 
Carry 
No Carry 
Zero 
Not Zero 


C= 1 
C = 
Z= 1 
Z = 


1101 
0101 
0100 
1100 
0110 


PL 
Ml 

OV 

NOV 

EQ 


Plus 
Minus 
Overflow 
No Overflow 
Equal 


S = 
8 = 1 
V= 1 
V = 
Z= 1 


1110 
1001 
0001 
1010 
0010 


NE 
GE 
LT 
GT 
LE 


Not Equal 

Greater Than or Equal 
Less than 
Greater Than 
Less Than or Equal 


Z = 

(S XOR V) = 

(S XOR V) = 1 

[Z OR (S XOR V)] = 

[Z OR (S XOR V)] = 1 


1111 

0111 
1011 
0011 
0000 


UGE 
ULT 
UGT 
ULE 


Unsigned Greater Than or Equal 
Unsigned Less Than 
Unsigned Greater Than 
Unsigned Less Than or Equal 
Never True 


C = 
C = 1 

(C = AND Z = 0) = 1 
(C OR Z) = 1 



3 
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INSTRUCTION FORMATS 



c 



OPC 



] 



dst | OPC | 



CCF, Dl, El, IRET, NOP, 
RCF, RET, SCF 



One-Byte Instructions 



OPC 


MODE 


CLR, CPL, DA, DEC, 


OPC 


MODE 








ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 


dst/src 


OR | 1110 


, „ UbCW, INC, INCW, 


src 


OR 


1110 


src 








RR, RRC, SRA, SWAP 


dst 


OR 


1110 


dst 


OPC 




JP, CALL (Indirect) 














dst 


OR | 1110 


ds. | 


OPC 


MODE 








ADC, ADD, AND, CP, 










dst 


OR 


1110 


ds, 


LD, OR, SBC, SUB, 
TCM, TM, XOR 


OPC 




SRP 


VALUE 








VALUE 


























MODE 


OPC 








LD 


OPC 


MODE 




ADC, ADD, AND, CP, 


src 


OR 


1110 


src 




dst 


src 




OR, SBC, SUB, TCM, 
TM, XOR 


dst 


OR 


1110 


dst 





dst/src OPC 



OR I 1 1 1 src 



dst OPC 



VALUE 



LD 



LD 



dst/CC OPC 



FFH 



6FH 



DJNZ, JR 



STOP/HALT 



MODE 


OPC 


LD, LDE, LDEI, 


MODE 


OPC 


dst/src 


src/dst 


LDC, LDCI 


dst/src 


X 






ADDRESS 



DAU 



DAL 



OPC 



DAU 



DAL 



LD 



CALL 



Two-Byte Instructions 



Three-Byte Instructions 



INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
" <- ". For example: 

dst «- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 



notation "addr (n)" is used to refer to bit (n) of a given 
operand location. For example: 

dst (7) 

refers to bit 7 of the destination operand. 
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INSTRUCTION SUMMARY (Continued) 



Instruction 
and Operation 


Address 
Mode 
dst src 


Opcode Flags Affected 
Byte (Hex) C Z S V D 


H 


ADC dst, src 
dst<-dst + src +C 


t 


1[ ] 


* * * * 


* 


ADD dst, src 
dst<-dst + src 


t 


0[ ] 


* * * * 


* 


AND dst, src 
dst<-dst AND src 


t 


5I ] 


- * * - 




CALL dst 

SP<-SP - 2 
©SP+-PC, 
PC«-dst 


DA 
IRR 


D6 
D4 






CCF 

C<-NOT C 




EF 


* , - * , 




CLR dst 

dst<-0 


R 
IR 


BO 
B1 






COM dst 

dst<-NOT dst 


R 
IR 


60 
61 


- * * - 


- 


CP dst, src 
dst - src 


t 


A[ ] 


* * * * - 


- 


DA dst 

dst<-DA dst 


R 
IR 


40 
41 


* * * X - 


- 


DEC dst 

dst<-dst - 1 


R 
IR 


00 
01 


- * * * - 


- 


DECW dst 

dst<-dst - 1 


RR 
IR 


80 
81 


- * * * - 




Dl 

IMR(7)<-0 




8F 






DJNZ dst 

r<-r- 1 
if r#0 

PC<-PC + dst 
Range: +127, 
-128 


RA 


rA 

r = 0-F 






El 

IMR(7)<-1 




9F 






HALT 




7F 


1 







Address 








Instruction 


Mode 


Opcode 


Flags Affected 




and Operation 


dst src 


Byte (Hex) C Z S V D 


H 


INC dst 


r 


rE 


- * * * - 


- 


dst<-dst + 1 




r = 0-F 








R 


20 








IR 


21 






INCW dst 


RR 


AO 


- * * * - 


- 


dst<-dst + 1 


IR 


A1 






IRET 




BF 


***** 


* 


FLAGS^OSP; 










SP<-SP + 1 










PC<-@SP; 










SP<-SP + 2; 










IMR(7)<-1 










JP cc, dst 


DA 


cD 






if cc is true 




c = 0- F 






PC<-dst 


IRR 


30 






JR cc, dst 


RA 


CB 






if cc is true, 




c = 0-F 






PC<-PC + dst 










Range: +127, 










-128 










LD dst, src 


r Im 


rC 






dsU-src 


r R 


r8 








R r 


r9 










r = 0-F 








r X 


C7 








X r 


D7 








r Ir 


E3 








Ir r 


F3 








R R 


E4 








R IR 


E5 








R IM 


E6 








IR IM 


E7 








IR R 


F5 






LDC dst, src 


r Irr 


C2 






LDCI dst, src 


Ir Irr 


C3 







dst<-src 
r<-r +1; 
rr<— rr + 1 
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INSTRUCTION SUMMARY (Continued) 





AauicSS 






Auuress 






instruction 


Mode 


Opcode Flags Affected 


Instruction 


Mode 


Opcode Flags Affected 




and Operation 


dst src 


Byte (Hex) C Z S V D H 


and Operation 


dst src 


Byte (Hex) C Z S V D 


H 


NOP 




FF 


STOP 




6F - - - - - 




OR dst, src 


t 


4[ ] - * * - - 


SUB dst, src 


t 


2[ ] * * * * 1 




dst<-dst OR src 






dst<-dst<-src 









POP dst R 50 

dst<-@SP; IR 51 

SP<-SP + 1 



PUSH src 

SP<-SP- 1; 
@SP*-src 



R 70 
IR 71 



RCF 

C<-0 



CF 



RET 

PC«-@SP; 
SP<-SP + 2 



AF 



RL dst R 90 

i IR 91 



RLCdst R 10 

I i IR 11 



RRdst 



R 
IR 



E0 
E1 



RRC dst R CO 



SBC dst, src t 
dst«-dst«-src«-C 

SCF 

C<-1 

SRA dst R~ 

SRP src 

RP«-src 



3[ ] 



DF 



DO 
D1 



lm 31 



# * * # 



* * * * 



* * * * - 



* * * * 1 * 



^ * * - - 



SWAP dst R 

. , IR 

, f~1 , 

L_lJ 



F0 X * * X - 

F1 



TCM dst, src 
(NOT dst) 
AND src 



6[ ] 



* * 



TM dst, src 
dst AND src 



7[ ] 



* * 



XOR dst, src 
dst<-dst 
XOR src 



B[ ] 



* * 



t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ f 
in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 

For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 



Address Mode 



Lower 
Opcode Nibble 



r 
r 
R 
R 
R 
IR 



r 

Ir 

R 

IR 

IM 

IM 



[2] 
[3] 
[4] 
[5] 
[6] 
[7] 



^4 SLOB 
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OPCODE MAP 



I 
z 



Lower Nibble (Hex) 





O 


1 


2 


3 


4 


5 


g 


7 8 


1 


A 




6.5 


6.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 


6.5 


6.5 


12/10.5 





DEC 


DEC 


ADD 


ADD 


ADD 


ADD 


ADD 


ADD 


LD 


LD 


DJNZ 




R1 


IR1 


r1.r2 


rl. Ir2 


R2, R1 


IR2, R1 


R1, IM 




M 




' 


R1 




OA 




6.5 


6.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10 5 














1 


RLC 


RLC 


ADC 


ADC 


ADC 


ADC 


ADC 


ADC 
















B1 


IR1 


r1. r2 


rl. Ir2 


R2. R1 


IR2. R1 


R1, IM 


IR1 IM 
















6.5 


6.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10 5 














2 


INC 


INC 


SUB 


SUB 


SUB 


SUB 


SUB 


SUB 
















R1 


IR1 


r1 r2 


r1 Ir2 


R2, R1 


IR2. R1 


R1, IM 


IR1 . IM 
















8.0 


6.1 


6.5 


65 


10.5 


10.5 


10.5 


10 5 














3 


JP 


SRP 


SBC 


SBC 


SBC 


SBC 


SBC 


SBC 
















IRR1 


IM 


rl. r2 


rl. Ir2 


R2, R1 


IR2. R1 


R1. IM 


IR1, IM 
















8.5 


8.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10 5 














4 


DA 


DA 


OR 


OR 


OR 


OR 


OR 


OR 
















R1 


IR1 


r1.r2 


rl. Ir2 


R2. R1 


IR2. R1 


R1. IM 


IR1 IM 
















10.5 


10.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10 5 














5 


POP 


POP 


AND 


AND 


AND 


AND 


AND 


AND 
















R1 


IR1 


rl. r2 


rt, Ir2 


R2, R1 


IR2. R1 


R1. IM 


IR1 IM 
















6.5 


6.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10 5 














6 


COM 


COM 


TCM 


TCM 


TCM 


TCM 


TCM 


TCM 
















R1 


IR1 


r1, r2 


rt. Ir2 


R2. R1 


IR2. R1 


R1. IM 


IR1 IM 
















10/12.1 


12/14.1 


6.5 


6.5 


10.5 


10.5 


10.5 


10 5 














7 


PUSH 


PUSH 


TM 


TM 


TM 


TM 


TM 


TM 
















R2 


R2 


rl. r2 


r1, IrZ 


R2. R1 


IR2, R1 


R1. IM 


IR1 IM 
















10.5 


10.5 


12.0 


18.0 






















8 


DECW 


DECW 


LDE 


LDEI 
























RR1 


IR1 


rl. Irr2 


Ir1. Irr2 
























6.5 


6.5 


12.0 


18.0 






















9 


RL 


RL 


LDE 


LDEI 
























R1 


IR1 


r2. Irr1 


Ir2. Irr1 
























10.5 


10.5 


6.5 


6.5 


10.5 


10.5 


10.5 


— 

10.5 














A 


INCW 


INCW 


CP 


CP 


CP 


CP 


CP 


CP 
















RR1 


IR1 


rt. r2 


rt. Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1 , IM 
















6.5 


6.5 


65 


6.5 


10.5 


10.5 


10.5 


10.5 














B 


CLP. 


CLR 


XOR 


XOR 


XOR 


XOR 


XOR 


XOR 
















R1 


IR1 


rl. r2 


rt. Ir2 


R2. R1 


IR2. R1 


R1. IM 


















6.5 


6.5 


12.0 


18.0 








10.5 














C 


RRC 


RRC 


LDC 


LDCI 








LD 
















R1 


IR1 


r1, Irr2 


Ir1. Irr2 








r1,x,R2 
















6.5 


6.5 


12.0 


18.0 


20.0 




20.0 


10 5 














D 


SRA 


SRA 


LDC 


LDCI 


CALL* 




CALL 


LD 
















R1 


IR1 


r2, Irr1 


Ir2 In 1 


IRR1 




DA 


r2jt.ni 
















6.5 


6.5 




6.5 


10.5 


10.5 


10.5 


10.5 














E 


RR 


RR 




LD 


LD 


LD 


LD 


LD 
















R1 


IR1 




rt. IR2 


R2, R1 


IR2, R1 


R1. IM 


IR1, IM 
















8.5 


8.5 




6.5 




10.5 


















F 


SWAP 


SWAP 




LD 




LD 




















R1 


IR1 




JMJ2 




R2 IR1 



















B 



-v" 

2 



-v 

3 



12/10.0 
JR 

cc, RA 



6.5 
LD 

r1 IM 



-v- 

2 



12.10.0 
JP 

Cc, DA 



6.5 
INC 

rj 



3 



6.0 
STOP 



7.0 
HALT 



6.1 
Dl 



6.1 
El 



14.0 
RET 



16.0 
IRET 



6.5 
RCF 



6.5 
SCF 



65 
CCF 



6.0 
NOP 



1 



Bytes per Instruction 



Upper 
Opcode 
Nibble 




Pipeline! 
Cycles 



Mnemonic 



Second 
Operand 



Legend: 

R = 8-bit address 
r = 4-bit address 
R1 or r2 = Dst address 
R1 or r2 = Src address 

Sequence: 

Opcode, First Operand, Second Operand 

Note: The blank areas are not defined. 

* 2-byte instruction appears as 
a 3-byte instruction 

t Refer to page 16 for pipeline instructions. 
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DSP INSTRUCTION SET NOTATION 



Register Names. The following lists the register names 
and their descriptions. 



Name 


Description 


A 


Accumulator 


BUS 


Bus Dummy Register 


Dn:b 


Data Register where n is the register num- 




ber (0...3) and b is the bank in which is 




resides (0..1). 


EXTn 


Extended Registers where n is the register 




number (0..7). 


P 


Multiplier Product Register 


Pn:b 


Pointer Registers where n is the register 




number (0...2) and b is the bank into which 




it points (0...1). 


X 


Multiplier Input Register X 


Y 


Multiplier Input Register Y 


PC 


Program Counter Register 


SR 


Status Register 



Condition Codes. The following defines the condition 
codes supported by the DSP assembler. In the instruction 
descriptions, condition codes are referred to via the <cc> 
symbol. If the instruction description refers to a condition 
code in one of its addressing modes, the instruction will 
only execute if the condition is true. 



Name Description 



C 

EQ 

F 

IE 

Ml 

NC 

NE 

NIE 

NOV 

NUO 

NU1 

NZ 

OV 

PL 

UO 

U1 

UGE 

ULT 
Z 



Bank Switch Enumerations. The third (optional) operand 
of the MLD, MPYA and MPYS instructions represents 
whether a bank switch is set on or off. To more clearly 
represent this two keywords are used (ON and OFF) which 
state the direction of the switch. These keywords are 
refered to in the instruction descriptions via the <bank 
switch> symbol. 



Carry 

Equal (same as Z) 
False 

Interrupts Enabled 

Minus 

No Carry 

Not Equal (same as NZ) 

Not Interrupts Enabled 

Not Overflow 

Not User Zero 

Not User One 

Not zero 

Overflow 

Plus (Positive) 

User Zero 

User One 

Unsigned Greater Than or Equal 
(Same as NC) 

Unsigned Less Than (Same as C) 
Zero 
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Addressing Modes. This section discusses the syntax of 
the addressing modes supported by the DSP assembler. 
The symbolic name is used in the discussion of instruction 
syntax in the instruction descriptions. 




Symbolic Name 


Syntax 


Description 


<pregs> 


Pn:b 


Pointer Register 


<dregs> 

(rOiniS lOnAMJ 


Dn:b 


Data Register 


<hwregs> 


X,Y,PC,SR,P 
EXTn,A,BUS 


Hardware Registers 


<accind> 

(Points to Program Memory) 


@A 


Accumulator Memory Indirect 


<direct> 


<expression> 


Direct Address Expression 


<limm> 


#<const exp> 


Word (16-bit) Immediate Value 


<simm> 


#<const exp> 


Short (8-bit) Immediate Value 


<regind> 
(Points to RAM) 


@Pn:b 

@Pn:b-L00P 

@Pn:b+L00P 


Pointer Register Indirect 

Pointer Register Indirect with Loop Decrement 

Pointer register Indirect with Loop Increment 


<memind> 

(Points to Program Memory 


@@Pn:d 
@Dn:b 

@@Pn:b-L00P 
@@Pn:b+L00P 
@@Pn:b+ 


Pointer Register Memory Indirect 

Data Register Memory Indirect 

Pointer Register Memory Indirect with Loop Decrement 

Pointer Register Memory indirect with Loop Increment 

Pointer Register Memory Indirect with Increment 
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DSP INSTRUCTION DESCRIPTIONS 



Inst. 


Description 


Synopsis 


Operands 


Words 


Cycles 


Examples 


ABS 


Absolute Value 


ABS[<co,]<src> 


<co,A 
A 


1 

1 


1 
1 




ABS NC,A 
ABS A 


Ann 

null 


Arlrlitinn 


MUU<Uc6L>,<blt> 


n,<.picyo-> 

A,<dregs> 

A,<limm> 

A,<memind> 

A,<direct> 

A,<regind> 

A,<hwregs> 


i 
i 

1 
2 
1 
1 
1 
1 


1 
i 

1 

2 
3 
1 
1 
1 


Ann a #19R 

nUU r\,1r 1 c.0 

ADD A,D0:1 
ADD A,@@L00P 
ADD A,@P2:1+ 
ADD A.X 


AND 


Ritwisp AND 






i 

1 

1 
2 
1 
1 
1 

1 
I 


1 

1 

2 

3 

1 

1 
1 


AND A #128 








A,<dregs> 

A,<limm> 

A,<memind> 

A,<direct> 

A,<regind> 

A xhu/ronov 
H,<MWirjyb> 


AND A,D0:1 
AND A,@P2:1 + 
AND A,X 


PAI I 


Qi ihrm itino rail 


PAI I [Vpr--. T^aHHrocc^ 
UnLL L<UO>,J<dUUlcbb> 


<Uu> ( <UllcUU> 

<direct> 



E 

2 




c 

2 


PAI I 5iih1 

CALLZ,sub2 


CCF 


Clear carry flag 


CCF 


None 






CCF 


CIEF 


Clear Carry Flag 


CIEF 


None 






CIEF 


COPF 


Clear OP flag 


COPF 


None 






COPF 


CP 


UUI I \\Jat loUl I 




A,<dregs> 

A,<memind> 

A,<direct> 

A,<regind> 

A,<hwregs> 


! 

] 

— - — 


i • 
j 

— - — 


pp a pnn 

or r\,ru.u 

CP A,D3:1 
CPA,#512 
CP A,@@P0:1 
CP A, LABEL 
CPA,@D0:0 
CP A,X 


DEC 


Decrement 


DEC [<co,]<dest> 


<cc>A, 
A 






DEC NZ,A 
DEC A 


INC 


Increment 


INC [<cc>,] <dest> 


<co,A 
A 






INC NZ,A 
INC A 


JP 


Jump 


JP [<cc>,]<address> 


<co,<direct> 
<direct> 


2 
2 


2 
2 


JP NIE.Label 
JP Label 
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Inst. Description 


Synopsis 


Operands 


Words Cycles 


Examples 


LD Load destination 


LD<dest>,<src> 


A,<hwregs> 


1 1 


LD A,X 


with source 




A,<dregs> 


1 1 


LDA,D0:0 






A,<pregs> 


1 1 


LD A,P0:1 






A,<regind> 


1 1 


LDA,@@P1:1 






A,<memind> 


1 3 


LD A.MEMADDR 






A,<direct> 


1 1 


LD MEMADDR.A 






<direct>,A 


1 1 


LD D0:1,A 






<dregs>,<hwregs> 


1 1 


LD P1:0#128 






<pregs>,<simm> 


1 1 


LDP1:1,X 






<pregs>,<hwregs> 


1 1 


LD@P0:O+LOOP,#1234 






<regind>,<limm> 


1 1 


LD @P1:1+,X 






<regind>,<hwregs> 


1 1 


LD X,P0:0 






<hwregs>,<pregs> 


1 1 


LD Y,P0:0 






<hwregs>,<dregs> 


1 1 


LD SR,#%1023 






<hwregs>,<limm> 


2 2 


LD PC,(A) 






<hwregs>,<accind> 


1 3 


LD X,@@P0:0 






<hwregs>,<memind> 


1 3 


LD Y,@P1:0-L00P 






<hwregs>,<regind> 


1 1 


LD SR,X 






<hwregs>,<hwregs> 


1 1 





Note: When <dest> is <hwregs>, <dest> cannot be P. 
Note: When <dest> is <hwregs> and <src> is <hwregs>, <dest> cannot be EXTn 
if <src> is EXTn, <dest> cannot be X if <src> is X, <dest> cannot be SR if <src> 
is SR. 

Note: When <src> is <accind> <dest> cannot be A. 



MLD Multiply 



MLD<srcl>,<srcl>[,<bank switch>] 



<hwregs>,<regind> 1 

<hwregs>,<regind>,<bank switch> 1 

<regind>,<regind> 1 

<regind>,<regind>,<bank switch> 1 



1 MLD A@P0:0 

1 MLDA@P1:0,OFF 

1 MLD@P1:1,@P2:0 

1 MLD@PO:1,@P1:0,ON 




Note: If srd is <regind> it must be a bank 1 register. Src2's <regind must be a 
bank register. 

Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <band switch> defaults to OFF. 
For the operands <regind>, the <bank switch> defaults to ON. 



MPYA Multiply and add MPYA <srcl>,<src2>[,<bank switch>] <hwregs>,<regind> 1 1 

<hwregs>,<regind>,<bank switch> 1 1 

<regind>,<regind> 1 1 

<regind>,<regind>,<bank switch> 1 1 



MPYAA@P0:0 
MPYAA,@P1:0,OFF 
MPYA@P1:1,@P2:0 
MPYA@P0:1,@P1:0,ON 



Note: If srd is <regind> it must be a bank 1 register. Src2's <regind> must be a 
bank register. 

Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <bank switch> defaults to 
OFF. For the operands <regind>, the <bank switch> defaults to ON. 
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DSP INSTRUCTION DESCRIPTIONS (Continued) 



Inst. Description 



Synopsis 



Operands 



Words Cycles Examples 



MPYS Multiply and 
subtract 



MPYS<src1>,<src2>[,<bankswitch>] 



<hwregs>,<regind> 1 1 

<hwregs>,<regind>,<bank switch> 1 1 

<regind>,<regind> 1 1 

<regind>,<regind>,<bank switch> 1 1 



MPYSA,@P0:0 
MPYSA,@P1:0,OFF 
MPYS@P1:1,@P2:0 
MPYS@PO:1,@P1:0,ON 



Note: If srd is <regind> it must be a bank 1 register. Src2's <regind> must 

be a bank register. 

Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <bank switch> defaults to 
OFF. For the operands <regind>, <regind> the <bank switch> defaults to ON. 



NEG Negate 


NEG <co,A 


<cc>, A 


1 1 


NEG NZ,A 






A 


1 1 


NEG A 


NOP No operation 


NOP 


None 


1 1 


«mn 

NOP 


OR Bitwise OR 


OR <dest>,<src> 


A, <pregs> 


1 1 


OR A,#128 






A, <dregs> 


1 1 


OR A, D0:1 






A, <limm> 


2 2 


OR A,@@P0:O+LOOP 






A, <memind> 


1 3 


OR A,@P2:1+ 






A, <direct> 


1 1 


OR A, X 






A| ^.i cy ii iu»^ 


-| 1 








A, <hwregs> 


1 1 




POP Pnnualiio 
rUr rUp VdlUc 


PHP .--HocK. 
rUr <Ucol> 


<fJlcyb> 


i i 
i i 


pop pnn 

rUr ru.U 


from stack 




<pregs> 


1 1 


POP D0:1 






<regind> 


1 1 


POP @P0:0 






<hwregs> 


1 1 


POP A 










POP BUS 


PUSH Push value 


PUSFksro 


<pregs> 


1 1 


PUSH P0:0 


onto stack 




<dregs> 


1 1 


PUSH D0:1 






<regind> 


1 1 


PUSH @P0:0 






<hwregs> 


1 1 


PUSH A 






<limm> 


2 2 


PUSH BUS 






<accind> 


1 3 


PUSH #12345 






<memind> 


1 3 


PUSH @A 












RET Return from subroutine 


RET 


None 


1 2 


RET 


RL Rotate Left 


RL <co,A 


<co,A 


1 1 


RLNZ.A 






A 


1 1 


RL A 


RR Rotate Right 


RR <co,A 


<co,A 


1 1 


RR NZ,A 






A 


1 1 


RR A 
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Inst. 


Description 


Synopsis 


Operands 


Words Cycles 


Examples 


ol»r 


C Q t C fhn 

oci u nag 




None 




oUr 


oltr 


Cot IC flon 

oet it nag 


oltr 


None 




olbr 


SLL 


Shift left 
logical 


SLL 


[<co,]A 

A 


1 


SLL NZ.A 

Cl I A 

bLL A 


SOPF 


Set OP flag 


SOPF 


None 


1 


SOPF 


SRA 


Shift right 
arithmetic 


SRA<co,A 


<co,A 
A 




SRA NZ,A 
SRAA 


SUB 


Subtract 


SUB<dest>,<src> 


A,<pregs> 
A,<dregs> 
A,<limm> 
A, <memind> 
A, <direct> 
A, <regind> 
A, <hwregs> 


: ! 


SUB A,#128 
SU8A.D0:1 

SUBA,@@P0:O+LOOP 
SUBA,@P2:1+ 
SUB A,X 


XOR 


Bitwise exclusive 


OR XOR <dest>,<src> 


A, <pregs> 
A, <dregs> 
A, <limm> 
A, <memind> 
A, <direct> 
A, <regind> 
A, <hwregs> 




XOR A,#128 
XOR A,D0:1 

XORA@@P0:0+LOOP 

X0RA,@P2:1+ 

X0RA,X 



Bank Switch Enumerations. The third (optional) operand 
of the MLD, MPYA and MPYS instructions represents 
whether a bank switch is set on or off. To more clearly 
represent this two keywords are used (ON and OFF) which 
state the direction of the switch. These keywords are 
referred to in the instruction descriptions via the <bank 
switch> symbol. 
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Z89120/Z89920 
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PACKAGE INFORMATION 



TQP VIEW 



i 

i 
[ 



-innnnnnhnnnnnr 



— I El E 




NOTES: 

[. CONTROLLING DIMENSIONS I INCH 

2. LEADS ARE COPLANAR VITHIN .004 IN. 

3. DIMENSION , MM 

INCH 



SYMBOL 


MILLIMETER 


INCH 


MIN 


MAX 


MIN 


MAX 


A 


4.32 ' 


4.57 


.170 


.180 


Al 


2.67 


2.92 


.105 


.115 


D/E 


25.02 


25.40 


.985 


1.000 


Dl/El 


24.13 


24.33 


.950 


.958 


D2 


22.86 


23.62 


.900 


.930 




1.27 TYP 


.050 TYP 



68-Pin PLCC Package Diagram 
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PRELIMINARY 



Z89120/Z89920 
16-Bit Mixed Signal Processor 



ORDERING INFORMATION 



Z89120 



Z89920 



20 MHz 

68-Pin PLCC 

Z8912020VSC 



20 MHz 

68-Pin PLCC 

Z8992021VSC 



Codes 
Speed 

20 = 20.48MHz 



Package 

V = Plastic Leaded Chip Carrier (PLCC) 

Temperature 

S = 0°C to + 70°C 

Environment 

C = Plastic Standard 

Example: 

Z 89120 10 V S C is a Z89120, 20.48 MHz, PLCC, 0°C to +70°C, Plastic Standard Flow 



L 



Environmental Flow 
Temperature 
Package 
Speed 

Product Number 
Zilog Prefix 
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PRELIMINARY PRODUCT SPECIFICATION 



Z89121 

Z89921 (ROMLESS) 

16- Bit Mixed 
Signal processor 



FEATURES 

■ Z8® Microcontroller with 43 I/O Lines (27 I/O Lines for 
the Z89921) 

■ 24 Kbytes of Z8 Program ROM (Z891 21 ) 

■ 256 Bytes On-Chip Z8 RAM 

■ Watch-Dog Timer and Power-On Reset 

■ Low Power STOP Mode 

■ On-Chip Oscillator which Accepts a 
Crystal or External Clock Drive 

■ Two 8-Bit Z8 Counter/Timers with 6-Bit Prescaler 

■ Low Power Consumption - 200 mW (typical) 

■ Two Comparators with Programmable Interrupt Priority 

■ Six Vectored, Z8 Prioritized Interrupts 

■ RAM and ROM Protect 



GENERAL DESCRIPTION 

TheZ89121/921 isadualCPU 16-bit mixed signal proces- 
sor designed for digital audio compression plus storage 
systems. The I/O control processor is aZ8®with 24 Kbytes 
of program memory, two 8-bit counter timers, a DRAM 
controller with up to 48 Mbit accessibility and up to 43 10 
pins. The DSP is a 1 6-bit processor with a 24-bit ALU and 
accumulator, 512 x 16 bits of RAM, single cycle instruc- 
tions, and 6K word program ROM . The chip also contains 
a 1 0-bit PWM D/A converter and interface for two Codecs. 
The sampling rates for the PWM and Codec interface are 
programmable. 

The Z8 and DSP processors are coupled by mailbox 
registers and an interrupt system. DSP or Z8 programs 
may be directed by events in each other's domain. 



■ Clock Speed of 20.48 MHz 

■ 16-Bit Digital Signal Processor (DSP) 

■ 6K Words DSP Program ROM 

■ 512 Words On-Chip DSP RAM 

■ 1 0-Bit PWM D/A Converter (4 kHz to 64 kHz) 

■ Z8 and DSP Operation in Parallel 

■ Three Vectored, Prioritized DSP Interrupts 

■ IBM® PC-Based Development Tools 

■ Interface for Two Codecs with 8 kHz and 6.66 kHz 
Sampling Rate and 2.048 MHz Clock 

■ Two DSP Timers to Support Different Sampling Rates 
for Codecs and PWM 

■ Built-in DRAM Interface. Direct Support of up to 
48 Mbit DRAM with 4-Bit Wide Data Bus 



The Z89921 is the ROMIess version of the Z89121. The 
DSP is not ROMIess. The DSP's program memory is always 
the internal ROM. 

Notes: 

All Signals with a preceding front slash, "/", are active Low, e.g.: 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 



Connection 


Circuit 


Device 


Power 






Ground 


GND 
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GENERAL DESCRIPTION (Continued) 



Address 
or I/O 
(Nibble 



Address/Data 

or I/O 

(Byte 
Programmable) 



I/O 
(Bit 

Programmable) 



P31 " 

Input P32 - 

P33 - 

P34 •* 

Output P35 "* 

P36 "* 

P37 -+ 




DIN 
DENAO 
DCLK 
DOUT 
DENA1 



RMLS 
/AS 
IDS 
R/AV 



PWM 



► 

■* 


CODEC 
Interface 


A 




s 




< 


* 




Z8 EXT 
Memory 
Control 


► 


-* — 


-< — 




PWM 
(10-Bit) 


* 

A 1 




•s 



Out -5V 



XTAL1 
XTAL2 



Figure 1. Functional Block Diagram 
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Z89121/Z89921 
16-Brr Mixed Signal Processor 



Z8 Core Processor 

The Z8 is Zilog's 8-bit microcontroller core with an Ex- 
panded Register File to allow access to register-mapped 
peripheral and I/O circuits. The Z8 offers a flexible I/O 
scheme, an efficient register and address space structure, 
and a number of ancillary features. The Z8 also excels in 
many industrial uses, high-volume processing, peripheral 
controllers and consumer applications. 

For applications demanding powerful I/O capabilities, the 
Z891 21/921 has 43 pins dedicated to input and output. 
These lines are grouped into six ports. Each port is 
configurable under software control to provide timing, 
status signals and parallel I/O with or without handshake. 

Four basic memory resources for the Z8 are available to 
support a wide range of configurations: Program Memory, 
Register File, Data Memory, and Expanded Register File. 
The Z8 core processor is characterized by an efficient 
register file that allows any of 256 on-board data and 
control registers to be the source and/or the destination of 
almost any instruction. Traditional microprocessor Accu- 
mulator bottlenecks are eliminated. 

The Register File is composed of 236 bytes of general- 
purpose registers, four I/O port registers, and 15 control 
and status registers. The Expanded Register File consists 
of mailbox registers, WDT mode register, DSP Control 
register, Stop-Mode Recovery register, Port Configuration 
register, and the control and data registers for Port 4 and 
Port 5. 

To unburden the software from supporting real-time prob- 
lems, such as counting/timing and data communication, 
the Z8 offers two on-chip counter/timers with a large 
number of user selectable modes. 



Watch-Dog Timer and Stop-Mode Recovery features are 
software driven by setting specific bits in control registers. 

Stop and Halt instructions support reduced power opera- 
tion. The low power-stop mode allows parameter informa- 
tion to be stored in the register file if power fails. An external 
capacitor or battery retains power to the device. 

DSP Coprocessor 

The DSP coprocessor is a second generation, 1 6-bit two's 
complement CMOS Digital Signal Processor (DSP). Four 
external DSP registers are mapped into the expanded 
register file of the Z8. Communication between the Z8 and 
the DSP occurs through those common registers which 
form the mailbox registers. 

The analog signal is generated by a 1 0-bit resolution Pulse 
Width Modulator. The PWM output is a digital signal with 
CMOS output levels. The output signal has a resol- 
ution of 1 in 1024 with a sampling rate of 16 kHz 
(XTAL = 20.48 MHz). The sampling rate can be changed 
under software control and can be set at 4, 10, 16, and 64 
kHz. The dynamic range of the PWM is from to 4 Volts. 

Two additional timers (Timer2 and Timer3) have been 
added to support different sampling rates for the Codec 
interface and Pulse Width Modulator. These timers are 
free-running counters that divide the crystal frequency. 
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PIN DESCRIPTION (Continued) 



OCOI^-tOi-O-^-COCNI-T— oQO. 



0-0-0-0.0.0.0-0. 



"Q.Q.Q.HQ.Q.CLCL00 



vcc 


C 


AODRO 


c 


ADDR1 


c 


A0DR2 


c 


ADDR3 


c 


ADDR4 


c 


ADDR5 


c 


ADDR6 


c 


ADDR7 


□ 


ADDR8 


c 


ADDR9 


c 


ADDR10 


c 


DRAM_SELO 


c 


DRAM_SEL1 


c 


DATAO 


c 


DATA1 


c 


DATA2 


c 


DATA3 


c 


/RAS 


c 


/CAS 


c 


GND 


c 



nnnnnnnnnnnnnnnnnnnnn 



12 



32 



33 



1 84 



75 



Z89121 
84-Pin PLCC 



42 43 53 

UUUUUUUUUUUUUUUUUUUUU 



74 


□ 


VCC 




□ 


C.CLOCK 




□ 


C_ENO 






C_EN1 




□ 


P50 






P51 






P52 




□ 


P53 




□ 


0UT_5V 




□ 


GND 




□ 


/AS 






P37 






P36 




□ 


P35 




□ 


P34 




□ 


P33 




□ 


P32 




□ 


P31 




□ 


PWM 




□ 


P10 


54 




GND 



51 K. 



Figure 2. Z89121 84-Pin PLCC Pin Assignments 
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Table 1. Z89121 84-Pin Plastic Leaded Chip Carrier, Pin Identification 

I/O Port 



Functions 


Pin Number 


I/O 


Function 




32, 54, 65 




Digital Ground 


v 

v cc 


12, 44, 74 




Digital V cc = +5V 


P07-P00 


43-36 


Input/Output 


P07-P00 (General purpose nibble programmable I/O port.) 


P17-P10 


55, 53-51, 49-46 


Input/Output 


P17-P10 (General purpose byte programmable I/O port.) 


P27-P20 


2-9 


Input/Output 


P27-P20 (General purpose bit programmable I/O.) 


P37-P31 


57-63 


Input/Output 


P37-P31 (General purpose I/O port. Bits P31-P33 are inputs, 








while bits P37-P34 are outputs.) 


P47-P40 


77-84 


Input/Output 


P47-P40 (General purpose bit programmable I/O.) 


P53-P50 


70-67 


Input/Output 


P53-P50 (General purpose bit programmable I/O.) 


C DIN 


76 


Input 


Data input from Codec. 


C DOUT 


75 


Output 


Data output to Codec. 


C.CLOCK 


73 


Output 


Codec clock (2.048 MHz) 


C_ENA0 


72 


Output 


CodecO enable (8 kHz) 


C_ENA1 


71 


Output 


Coded enable (8 kHz) 


PWM 


56 


Output 


Pulse Width Modulator output 


nATAD 


OP, 


Inm it/Oi itni it 

ii ipui/vjuipui 


Rata O I/O nf tho RRAM Intoi-faco 
Ucua U \/\J Ul U Ic unrttvl HUfcilldUc 


nATA1 
Un I M I 


97 


Ini-ii it/Oi itr>i it 
II ipUl/\JUL(JUl 


Rata 1 I/O r-if tho RRAM Intorfar'O 
Uald I \/\J Ul lilt; UnMIVI iriLcTldOc 


DAT AO 
Un I M£ 


09. 


mpui/wuipui 


HatQ 9 I/O nf tho RRAM I ntorf ar>ci 

udia ^ i/w ot irie unMivi irueridoe 


UA I Mo 


9Q 


InrM it f(~*\ i 1 1 rw it 

inpui/wuipui 


Rota Q I/O fif tha RRAM I ntorf a/^o 

udid o i/lj oi ine L/nMivi inieridoe 


AnnRn 

MUUnU 


1 0. 


Oi itni it 


AHHrQCc n lines r~\f tho RDAK^ I ntarf or«o 
nUUIcoo U Mile Ul LMe UrirtlVI IIILclldUc 


ARRR1 
nUUn 1 


1/1 


f\i ifrii it 

'uipui 


MUUicbb I Illlc Ul Lllc UrirMVI INlcMdUc 


arrr*? 

nUUnt 


1 ^ 


Oi itni it 

wuipui 


ArlHrocc O lino /~if tho nD A^^ Ir-itf^rfac" 1 ^ 
HUUicbb c. Illlc Ul lllc UnMIVI INlcMdUc 


nUUno 


1 ft 
1 D 


Hi itr^i it 
wUipul 


A jH /H r* ^ o o Q I \r\r\ r\\ thsd l~"^ R A h ^ Int^rta/^^ 

Muuress o une ot ine un/Aivi lmerTdoe 


ahrra 

nUUnH 


1 7 


Oi itm it 
wUtpUL 


ArJWrocc >1 lina /"\f tho RRAri^ Intnrfof a 
nUUIcss ^t Illlc Ul Lllc UrirtlVI IllLclldUc 


a rrrc 


I o 


itrM if 

Ljuipui 


Address 5 line of the DRAM Interface 


nUUtlD 


1 Q 


Hi itr\i it 

uuipui 


Mauress o line ot ine unMivi inieriace 


MLJUn / 




Oi itni it 

wuipui 


A rfrlrocc "7 lino /~\f tho nDAM Intorfo/^o 

Muoresb / line of trie L/nMivi mieridOc 


ARRRR 
MUUnO 


91 
eL I 


Oi itr\i it 

wuipui 


A Wrlropp Q lino /~if tkid nD AKfl lnforfor>o 

MQuress o line ot ine unMivi inierTdue 


AnnRQ 

nuuna 


99 


Oi itni it 


AHHracc Q Unci r\t thci RDAT^ Intdrfoi^Q 
nUUlcoo cJ Illlc Ul LUC UnMIVI IIILcIldUc 


arrrid 

nUUn IU 


0^ 


Oi itrti it 
WULpUl 


Muuress iu line 01 ine nMivt miendue tot h iviey MnMivis. oeieoi c. 








ni itr^i it /~if nDAftJl \i~\'r r\r^f\ r~< r\ fr\r i hAart ADAK^c ci ir\r>^~trt "Tho 1 otto r 

uuipui ot unMivi inicrTdoe tot i ivieg MnMivis suppuri. i TTe lduer 








ry~\/~-\i~i a 10 i iccjH te\ ciA/itr'h hcihA/ciQn r\ iff ci rent ndriQc ,—tf AD Ahil 

itiuuc is useu to bwiiuri ueiween uiiiereiH pdgeb ui MnMivi. 


DRAM_SEL0 


24 


Output 


SelectO output of DRAM Interface. Used to switch between 








different pages of DRAM. 


DRAM_SEL1 


25 


Output 


Selectl output of DRAM Interface. Used to switch between 








different pages of DRAM. 


/RAS 


30 


Output 


Row Address Strobe of DRAM Interface. 


/CAS 


31 


Output 


Column Address Strobe of DRAM Interface. 


DRAM R/W 


34 


Output 


Read/Write Strobe of DRAM Interface. 


DRAM JOE 


33 


Output 


Output Enable Strobe of DRAM Interface. 


XTAL1 


11 


Input 


20.48 MHz crystal input 


XTAL2 


10 


Output 


20.48 MHz crystal output 


ROMIess 


45 


Input 


Z8 ROMIess mode input (P0 and P1 are switched to D/A mode 








if this pin is connected to V cc ). Internally this pin is tied to GND. 


/Reset 


35 


Input 


/RESET input 


R/W 


50 


Output 


Z8 external memory interface R/W output 


/AS 


64 


Output 


Z8 external memory interface /AS output 


IDS 


1 


Output 


Z8 external memory interface /DS 


0UT.5V 


66 


Output 


-5V charge pump 
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Z89121/Z89921 
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PIN DESCRIPTION (Continued) 



vcc 

ADDRO 
ADDR1 
ADDR2 
ADDR3 
ADDR4 
ADDR5 
ADDR6 
ADDR7 
ADDR8 
ADDR9 
ADDR10 
DRAM_SEL0 
DRANLSEL1 
DATAO 
DATA1 
DATA2 
DATA3 
/RAS 
/CAS 
GND 



XXQ.D_Q_Q_Q_CLQ_C1_^Q_Q.O-Q-Q-Q-C1-Q_00 

nnnnnnnnnnnnnnnnnnnnn 



12 



1 84 



Z89921 
84-Pin PLCC 



32 



33 



42 43 



75 



74 



□ 



53 



□ 
□ 
□ 
□ 
□ 
□ 
54 □ 



VCC 

C.CLOCK 

C_EN0 

C_EN1 

P50 

P51 

P52 

P53 

0UT_5V 

GND 

/AS 

P37 

P36 

P35 

P34 

P33 

P32 

P31 

PWM 

P10 

GND 



uuuuuuuuuuuuuuuuuuuuu 



i 

a 



LU 



O u N u " 

g z s: s: si 



n n t- 

K. K. K 



Figure 3. Z89921 84-Pin PLCC Pin Assignments 
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Table 2. Z89921 84-Pin Plastic Leaded Chip Carrier, Pin Identification 

I/O Port 



Functions 


Pin Number 


I/O 


Function 


^ss 


32, 54, 65 




Digital Ground 


V cc 


12, 44, 74 




Digital V cc = +5 V 


P07-P00 


43-36 


Input/Output 


P07-P00 (General purpose nibble programmable I/O port.) 


P17-P10 


55,53-51,49-46 


Input/Output 


P17-P10 (General purpose byte programmable I/O port.) 


P27-P20 


2-9 


Input/Output 


P27-P20 (General purpose bit programmable I/O.) 


P37-P31 


57-63 


Input/Output 


P37-P31 (General purpose I/O port. Bits P31-P33 are inputs, 








while bits P37-P34 are outputs.) 


P47-P40 


77-84 


Innut/Oiitnut 


P47-P4D ffipnpral nurnn^p hit nronrammablp I/O \ 


P53-P50 


70-67 


Input/Output 


P53-P50 (General purpose bit programmable I/O.) 


C_DIN 


76 


Input 


Data input from Codec. 


C_DOUT 


75 


Output 


Data output to Codec. 


C_CLOCK 


73 


Output 


Codec clock (2.048 MHz) 


C_ENA0 


72 


Output 


CodecO enable (8 kHz) 


C_ENA1 


71 


Output 


Coded enable (8 kHz) 


PWM 


56 


Output 


Pulse Width Modulator output 


UA I AU 


oc 
2b 


— 

Input/Output 


uata u i/vj oT trie uham mtertace 


ft ATA H 
UAIA1 


27 


Input/Output 


Data i i/u ot the uham mtertace 


DATA2 


28 


Input/Output 


Uata 2 l/U ot the UHAM Interface 


DATA3 


29 


Input/Output 


Uata 3 l/U ot the UHAM Interface 


a nnon 
AUUHO 


13 


Output 


Address line of the DRAM Interface 


ADDR1 


14 


Output 


Address 1 line ot the UHAM interface 


AUUH2 


15 


Output 


Address 2 line of the DRAM Interface 


ADDR3 


16 


Output 


Address 3 line of the DRAM Interface 


AUUK4 


1 / 


uutput 


Address 4 line of the DRAM Interface 


AUUHb 


18 


Output 


Address 5 line of the DRAM Interface 


AUUHb 


19 


Output 


Address o line ot the uham interface 


A PlP\D~7 

AUUH/ 


on 
2U 


uutput 


Address 7 line of the DRAM Interface 


a nnDO 

AUUR8 


21 


Output 


Address 8 line of the DRAM Interface 


A PlPtDO 

AUUHy 


oo 


Output 


Address y line ot the uham interface 


a nnDi n 
AUUmU 


nn 

d.6 


uutput 


Address \ U line ot the UHAM Interface tor 4 Meg AHAMs. select 2 








output of DRAM Interface for 1 Meg ARAMs support. The latter 








mode is used to switch between different pages of ARAM. 


DRAM_SEL0 


24 


Output 


Select output of DRAM Interface. Used to switch between 








different pages of DRAM. 


DRAM_SEL1 


25 


Output 


Select 1 output of DRAM Interface. Used to switch between 








different pages of DRAM. 


/RAS 


30 


Output 


Row Address Strobe of DRAM Interface. 


/CAS 


31 


Output 


Column Address Strobe of DRAM Interface. 


DRAM R/W 


34 


Output 


Read/Write Strobe of DRAM Interface. 


DRAM JOE 


33 


Output 


Output Enable Strobe of DRAM Interface. 


XTAL1 


11 


Input 


20.48 MHz crystal input 


A I Ml_£ 


I u 


f~\i itr-i i it 

uutput 


AJ.48 mmz crystal output 


NC 


45 


Not Connected 




/Reset 


35 


Input 


/RESET input 


R/W 


50 


Output 


Z8 external memory interface R/W output 


/AS 


64 


Output 
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PIN FUNCTIONS 

/RESET (input, active Low). Initializes the MCU. Reset is 
accomplished either through Power-On Reset (POR), 
Watch-Dog Timer reset, Stop-Mode Recovery, or external 
reset. During POR and WDT Reset, the internally gener- 
ated reset signal is driving the reset pin Low for the POR 
time. Any devices driving the reset line must be open drain 
to avoid damage from a possible conflict during reset 
conditions. A /RESET will reset both the Z8 and the DSP. 

For the Z8: 

After the POR time, /RESET is a Schmitt-triggered input. To 
avoid asynchronous and noisy reset problems, the Z8 is 
equipped with a reset filter of four external clocks (4TpC). 
If the external reset signal is less than 4TpC in duration, no 
reset occurs. On the fifth clock after the reset is detected, 
an internal RST signal is latched and held for an internal 
register count of 18 external clocks, or for the duration of 
the external reset, whichever is longer. Program execution 
begins at location 000CH (Hexadecimal), 5-1 OTpC cycles 
after the /RESET is released. The Z8 does not reset WDT, 
SMR, P2M, and P3M registers on a Stop-Mode Recovery 
operation. 

For the DSP: 

A low level on the /RESET pin generates an internal reset 
signal. The /RESET signal must be kept low for at least one 
clock cycle. The CPU will fetch a new Program Counter 
(PC) value from program memory address OFFCH after the 
reset signal is released. 

ROMIess (input, active High). This pin, when connected to 
V DD , disables the internal Z8 ROM. (Note, when pulled Low 
to GND the part functions normally as the ROM version.) 
The DSP can not be configured as ROMIess. This pin is 
available only on the Z89121 . 

R//W Read/Write (output, write Low). The R//W signal 
defines the signal flow when the Z8 is reading or writing to 
external program or data memory. The Z8 is reading when 
this pin is High and writing when this pin is Low. 

/AS Address Strobe (output, active Low). Address Strobe 
is pulsed once at the beginning of each machine cycle. 
Address output is via Port O/Port 1 for all external pro- 
grams. Memory address transfers are valid at the trailing 
edge of /AS. Under program control, /AS is placed in the 
high-impedance state along with Ports and 1, Data 
Strobe, and Read/Write. 



IDS Data Strobe (output, active Low). Data Strobe is 
activated once for each external memory transfer. For read 
operations, data must be available prior to the trailing edge 
of /DS. For write operations, the falling edge of IDS indi- 
cates that output data is valid. 

XTAL1 Crystal 1 (time-based input). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC, RC net- 
work or an external single-phase clock to the on-chip 
oscillator input. 

XTAL2 Crysfa/2(time-based output). This pin connects a 
parallel-resonant, crystal, ceramic resonant, or LC net- 
work to the on-chip oscillator output. 

PWM Pulse Width Modulator (output). The PWM is a 
10-bit resolution D/A converter. This output is a digital 
signal with CMOS output levels. 

V DD . Digital power supply for the Z891 21/921 . 

GND. Digital ground for the Z891 21/921 . 

C_DIN (input). Data input from Codec. 

C_DOUT (output). Data output to Codec. 

C_CLOCK (output). 2.048 MHz data rate clock signal 
output to Codec. 

C_ENA0 (output). Enable signal to CodecO 
C_ENA1 (output). Enable signal to Coded. 
DRAM_SEL0 (output). SelectO of DRAM. 
DRAM_SEL1 (output). Selectl of DRAM. 
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Port (P07-P00). Port is an 8-bit, bidirectional, CMOS 
compatible port. These eight I/O lines are configured 
under software control as a nibble I/O port, or as an 
address port for interfacing external memory. The input 
buffers are Schmitt-triggered and the output drivers are 
push-pull. Port is placed under handshake control. In this 
configuration, Port 3, lines P32 and P35 are used as the 
handshake control /DAVO and RDYO. Handshake signal 
direction is dictated by the I/O direction to Port of the 
upper nibble P07-P04. The lower nibble must have the 
same direction as the upper nibble. 

The Auto Latch on Port puts valid CMOS levels on all 
CMOS inputs which are not externally driven. Whether this 
level is or 1 cannot be determined. A valid CMOS level, 
rather than a floating node, reduces excessive supply 
current flow in the input buffer. 



For external memory references, Port provides address 
bits A11-A8 (lower nibble) or A15-A8 (lower and upper 
nibble) depending on the required address space. If the 
address range requires 1 2 bits or less, the upper nibble of 
Port can be programmed independently as I/O while the 
lower nibble is used for addressing. If one or both nibbles 
are needed for I/O operation, they are configured by 
writing to the Port mode register. 

In ROMIess mode, after a hardware reset, Port is config- 
ured as address lines A15-A8, and extended timing is set 
to accommodate slow memory access. The initialization 
routine can include reconfiguration to eliminate this ex- 
tended timing mode. (In ROM mode, Port is defined as 
input after reset.) 

Port is set in the high-impedance mode if selected as an 
address output state along with Port 1 and the control 
signals /AS, IDS and R//W (Figure 4). 



Z891 21/921 
MCU 
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(l/OorA15-A8) 



Handshake Controls 

/DAVO and RDYO 
(P32 and P35) 
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Out 



In 



-4 



1 .5 •* — 2.3V Hysteresis 



PAD 



R = 500 Kfl 



I Auto Latch 

I 

I 

-J 



Figure 4. Port Configuration 
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PIN FUNCTIONS (Continued) 

Port 1 (P17-P10). Port 1 is an 8-bit, bidirectional, CMOS 
compatible port (Figure 5). It has multiplexed Address (A7- 
AO) and Data (D7-D0) ports. These eight I/O lines are 
programmed as inputs or outputs, or can be configured 
under software control as an Address/Data port for inter- 
facing external memory. The input buffers are Schmitt- 
triggered and the output drivers are push-pull. 

Port 1 may be placed under handshake control. In this 
configuration, Port 3, lines P33 and P34 are used as the 
handshake controls RDY1 and /DAV1 (Ready and Data 



Available). Memory locations greater than 24575 (in ROM 
mode) are referenced through Port 1 . To interface external 
memory, Port 1 must be programmed for the multiplexed 
Address/Data mode. If more than 256 external locations 
are required, Port outputs the additional lines. 

Port 1 can be placed in the high-impedance state along 
with Port 0, /AS, IDS and R//W, allowing the Z891 21/68 to 
share common resources in multiprocessor and DMA 
applications. 



Z891 21/921 
MCU 



Portl 

(l/OorAD7-AD0) 



^ Handshake Controls 

/DAV1 and RDY1 
► (P33 and P34) 




Figure 5. Port 1 Configuration 
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Port 2. (P27-P20.) Port 2 is an 8-bit, bidirectional, CMOS 
compatible I/O port. These eight I/O lines are configured 
under software control independently as inputs or outputs. 
Port 2 is always available for I/O operation. The input 
buffers are Schmitt-triggered. Bits programmed as out- 
puts may be globally programmed as either push-pull or 
open-drain. 

Port 2 may be placed under handshake control. In this 
configuration, Port 3 lines P31 and P36 are used as the 
handshake controls lines /DAV2 and RDY2. The hand- 



shake signal assignment for Port 3 lines P31 and P36 is 
dictated by the direction (input or output) assigned to bit 7, 
Port 2 (Figure 6). 

The Auto Latch on Port 2 puts valid CMOS levels on all 
CMOS inputs which are not externally driven. Whether this 
level is or 1 , cannot be determined. A valid CMOS level, 
rather than a floating node, reduces excessive supply 
current flow in the input buffer. 
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Figure 6. Port 2 Configuration 
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PIN FUNCTIONS (Continued) 

Port 3 (P37-P31). Port 3 is a 7-bit, CMOS compatible port 
with three fixed inputs (P33-P31) and tour fixed outputs 
(P37-P34). It is configured under software control for input/ 
output, counter/timers, interrupt, and port handshakes. 
Pins P33, P32, and P31 are standard CMOS inputs; out- 
puts are push-pull. 

Two on-board comparators can process analog signals on 
P31 and P32 with reference to the voltage on P33. The 
analog function is enabled by programming the Port 3 
Mode Register (bit 1 ). Port 3, pin 3 is a falling edge interrupt 
input. P31 and P32 are programmable as rising, falling or 
both edge-triggered interrupts (IRQ register bits 6 and 7). 
P33 is the comparator reference voltage input. Access to 
Counter/Timerl is made through P31 (TJ and P36 (T 0UT ). 
Handshake lines for ports 0, 1 , and 2 are available on P31 
through P36. 



Port 3 also provides the following control functions: hand- 
shake for Ports 0, 1 , and 2 (/DAV and RDY); three external 
interrupt request signals (IRQ3-IRQ1); timer input and 
output signals (T IN and T 0UT ); (Figure 7). 

Comparator Inputs. Port 3, pins P31 and P32 both have 
a comparator front end. The comparator reference volt- 
age, pin P33, is common to both comparators. In analog 
mode, P31 and P32 are the positive inputs to the compara- 
tors and P33 is the reference voltage supplied to both 
comparators. In digital mode, pin P33 can be used as a 
P33 register input or IRQ1 source. 



Table 3. Port 3 Pin Assignments 





P31 
P32 
P33 


IN 
IN 
IN 




AN1 
AN2 
REF 


IRQ2 
IRQO 
IRQ1 


D/R 


D/R 


D/R 




P34 
P35 
P36 
P37 


OUT 
OUT 
OUT 
OUT 


"'"out 






R/D 


R/D 


R/D 


DM 



Notes: 

HS = Handshake Signals 
D = DAV 
R = RDY 



— 
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P31 (AN1) 

P32(AN2) 
P33(REF) 

From Stop Mode 
Recovery Source 




Figure 7. Port 3 Configuration 
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PIN FUNCTIONS (Continued) 

Port 4 (P47-P40). Port 4 is an 8-bit, bidirectional, CMOS 
compatible I/O port (Figure 8). These eight I/O lines are 
configured under software control independently as in- 
puts or outputs. Port 4 is always available for I/O operation. 
The input buffers are Schmitt-triggered. Bits programmed 
as outputs may be globally programmed as either push- 
pull or open-drain. 



Port 4 is a bit programmable general purpose I/O port. The 
control registers for Port 4 are mapped into the expanded 
register file (Bank F) of the Z8. 

Auto Latch. The Auto Latch on Port 4 puts valid CMOS 
levels on all CMOS inputs which are not externally driven. 
Whether this level is or 1 cannot be determined. A valid 
CMOS level, rather than a floating node, reduces exces- 
sive supply current flow in the input buffer. 
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Figure 8. Port 4 Configuration 
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Port 5 (P53-P50). Port 5 is an 4-bit, bidirectional, CMOS 
compatible I/O port (Figure 9). These four I/O lines are 
configured under software control independently as in- 
puts or outputs. Port 5 is always available for I/O operation. 
The input buffers are Schmitt-triggered. Bits programmed 
as outputs may be globally programmed as either push- 
pull or open-drain. 



Port 5 is a bit programmable general purpose I/O port. The 
control registers for Port 5 are mapped into the expanded 
register file (Bank F) of the Z8. 

Auto Latch. The Auto Latch on Port 5 puts valid CMOS 
levels on all CMOS inputs which are not externally driven. 
Whether this level is or 1 cannot be determined. A valid 
CMOS level, rather than a floating node, reduces exces- 
sive supply current flow in the input buffer. 



Open Drain 



OEN 



Out 
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Figure 9. Port 5 Configuration 
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Z8® FUNCTIONAL DESCRIPTION 



The Z8 CCP core incorporates special functions to en- 
hance the Z8's performance in control applications. 

Pipelined Instructions. The Z8 instructions (see page 66) 
are comprised of two parts, an instruction fetch and 
execute part. The instructions typically take between six 
and ten cycles to fetch and five cycles to execute. Five 
cycles of the next instruction fetch may be overlapped with 
five cycles of the current instruction execution. This im- 
proves performance over sequential methods. Addition- 
ally, the register-based architecture allows any registers to 
be picked as the source and destination in an instruction 
saving intermediate move. 

Reset. The device is reset in one of the following condi- 
tions: 

■ Power-On Reset 

■ Watch-Dog Timer 

■ Stop-Mode Recovery Source 

■ External Reset 

Program Memory. The Z8 addresses up to 24 Kbytes of 
internal program memory and 40 Kbytes external memory 
(Figure 10). The first 12 bytes of program memory are 
reserved for the interrupt vectors. These locations contain 
six 16-bit vectors which correspond to the five user inter- 
rupts and one DSP interrupt. Byte 12 to byte 24575 
consists of on-chip mask-programmed ROM . At addresses 
24576 and greater, the Z8 executes external program 
memory. In ROMIess mode, the Z8 will execute from 
external program memory beginning at byte 12 and con- 
tinuing through byte 65535. 



65535 



24575 



Location of 
First Byte of 
Instruction^ 
Executed" 
After RESET 12 



11 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




Interrupt 
Vector 
(Lower Byte) 



Interrupt 
Vector 
(Upper Byte) 



External 
ROM and RAM 



I — 



On-Chip 
ROM 
In ROM Mode 



IRQ5 



IRQ5 



IRQ4 



IRQ4 



IRQ3 



IRQ3 



IRQ2 



IRQ2 



IRQ1 



IRQ1 



IRQO 



IRQO 



Figure 10. Program Memory Map 
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ROM Protect. The 24 Kbyte of internal program memory 
for the Z8 is mask programmable. A ROM protect feature 
prevents "dumping" of the ROM contents of Program 
Memory by inhibiting execution of LDC, LDCI, LDE, and 
LDEI instructions. The ROM Protect option is mask-pro- 
grammable, to be selected by the customer at the time 
when the ROM code is submitted. 

Data Memory (/DM). In ROM mode, the Z8 can address up 
to 40 Kbytes of external data memory beginning at location 
24576 (Figure 1 1 ). In ROMIess mode, the Z8 can address 
the full 64 Kbytes of external data memory beginning at 
location 12. External data memory may be included with, 
or separated from, the external program memory space. 
/DM, an optional I/O function that can be programmed to 
appear on Port 34, is used to distinguish between data and 
program memory space (Table 3). The state of the /DM 
signal is controlled by the type of instruction being ex- 
ecuted. An LDC opcode references program (/DM inac- 
tive) memory, and an LDE instruction references data (/DM 
active Low) memory. 



65535 



24756 



External 

Data 
Memory 



Not Addressable 
(In ROM Mode) 







Figure 1 1 . Data Memory Map 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 



Register File. The standard Z8® register file consists of 
four I/O port registers, 236 general-purpose registers, and 

15 control and status registers (R3-R0, R239-R4, and 
R255-R241, respectively). The instructions access regis- 
ters directly or indirectly through an 8-bit address field. 
This allows a short, 4-bit register address using the Regis- 
ter Pointer (Figure 1 2). In the 4-bit mode, the register file is 
divided into 16 working register groups, each occupying 

16 continuous locations. The Register Pointer addresses 
the starting location of the active working register group 
(Figure 13). 

Note: Register Group E (Registers EO-EF) is only ac- 
cessed through a working register and indirect address- 
ing modes. 



| D7 | D6 


D5 | D4 | D3 | D2 


D1 


DO | 



















Expanded Register Bank 
Working Register Group 



Default setting after RESET = 00000000 

Figure 12. Register Pointer Register 
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Figure 13. Register Pointer 
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RAM Protect. The upper portion of the Z8's RAM address 
spaces 90H to EFH (excluding the control registers) is 
protected from reading and writing. The RAM Protect bit 
option is mask-programmable and is selected by the 
customer when the ROM code is submitted . After the mask 
option is selected , the user activates the RAM Protect from 
the internal ROM code by loading bit D6 in the IMR register 
to either aO (off) or a 1 (on). A 1 in D6 indicates RAM Protect 
enabled. 

Stack. The Z8's external data memory or the internal 
register file is used for the stack. The 16-bit Stack Pointer 
(R255-R254) is used for the external stack which can 
reside only from 24576 to 65535 in ROM mode or to 
65535 in ROMIess mode. An 8-bit Stack Pointer (R255) is 
used for the internal stack that resides within the 236 
general-purpose registers (R239-R4). SPH can be used as 
a general-purpose register when using internal stack only. 



Expanded Register File. The register file on the Z8 has 
been expanded to allow for additional system control 
registers, and for mapping of additional peripheral 
devices, along with I/O ports, into the register address 
area. The Z8 register address space has now been imple- 
mented as 1 6 banks of 1 6 register groups per bank (Figure 
14). These register banks are known as the ERF (Ex- 
panded Register File). Bits 7-4 of register RP (Register 
Pointer) select the working register group. Bits 3-0 of 
register RP select the expanded register bank (Figure 1 4). 

The SMR register, WDT Register, control and data regis- 
ters for Port 4 and Port 5, and the DSP control register are 
located in Bank F of the Expanded Register File. Bank B of 
the Expanded Register File consists of the Mailbox Inter- 
face in which the Z8 and the DSP communicate. The rest 
of the Expanded Register is not physically implemented 
and is open for future expansion. 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 
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Figure 14. Expanded Register File Architecture 
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Interrupts. The Z8 has six different interrupts from six 
different sources. The interrupts are maskable and priori- 
tized (Figure 15). The six sources are divided as follows; 
three sources are claimed by Port 3 lines P33-P31 , two by 



counter/timers, and one by the DSP (Table 4). The Interrupt 
Mask Register globally or individually enables or disables 
the six interrupt requests. 



IRQO IRQ2 



IRO.1,3, 4,5 



I Mi 



Interrupt 
Edge 
Select 



IRQ Register 
(D6, D7) 



IRQ 



Global 
Interrupt 
Enable 



Interrupt 



l l l l l 



On 



IMR 



IPR 



I 



PRIORITY 
LOGIC 



V 



Vector Select 



Figure 15. Interrupt Block Diagram 



Table 4. Interrupt Types, Sources, and Vectors 



Name 


Source 


Vector Location 


Comments 


IRQO 


/DAVO, P32 


0, 1 


External (P32), Programmable Rise or Fall Edge Triggered 


IRQ1 


/DAV1 , P33 


2, 3 


External (P33), Fall Edge Triggered 


IRQ2 


/DAV2, P31,T, N 


4, 5 


External (P31), Programmable Rise or Fall Edge Triggered 


IRQ3 


IRQ3 


6, 7 


Internal (DSP activated), Fall Edge Triggered 


IRQ4 


TO 


8,9 


Internal 


IRQ5 


Tl 


10, 11 


Internal 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder controlled 
by the Interrupt Priority Register. An interrupt machine 
cycle is activated when an interrupt request is granted. 
This disables all subsequent interrupts, pushes the Pro- 
gram Counter and Status Flags to the stack, and then 
branches to the program memory vector location reserved 
for that interrupt. 

All Z8 interrupts are vectored through locations in the 
program memory. This memory location and the next byte 
contain the 16-bit address of the interrupt service routine 
for that particular interrupt request. To accommodate 
polled interrupt systems, interrupt inputs are masked and 
the Interrupt Request Register is polled to determine which 
of the interrupt requests needs service. 

An interrupt resulting from AN1 is mapped into IRQ2, and 
an interrupt from AN2 is mapped into IRQO. Interrupts 
IRQ2 and IRQO may be rising, falling or both edge trig- 
gered, and are programmable by the user. The software 
may poll to identify the state of the pin. 

Programming bits for the Interrupt Edge Select is located 
in the IRQ Register (R250), bits D7 and D6. The configura- 
tion is shown in Table 5. 



Table 5. IRQ Register 



IRQ 



Interrupt Edge 



D7 


D6 


P31 


P32 








F 


F 





1 


F 


R 


1 





R 


F 


1 


1 


R/F 


R/F 



Notes: 

F = Falling Edge 
R = Rising Edge 

Clock. The Z891 21/921 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 20.48 MHz maximum, with a series resistance (RS) 
less than or equal to 1 00 Ohms. The system clock (SCLK) 
is one half the crystal frequency (Figure 16). 

The crystal is connected across XTAL1 and XTAL2 using 
capacitors from each pin to ground. 



C1 



C2; 



r 



= El 



X 



XTAL1 



XTAL2 



C1' 



C2-C" 



XTAL1 



XTAL2 



XTAL1 



_ XTAL2 



Ceramic Resonator or 
Crystal 



LC 



External Clock 



Figure 16. Oscillator Configuration 
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Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1 ), each driven by its own 6-bit pro- 
grammable prescaler. The T1 prescaler is driven by inter- 
nal or external clock sources; however, the TO prescaler is 
driven by the internal clock only (Figure 1 7). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to 256) that has been loaded into the counter. When the 
counter reaches the end of the count, a timer interrupt 
request, IRQ4 (TO) or IRQ5 (T1), is generated. 

The counters can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 



also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and is either the internal 
microprocessor clock divided by four, or an external signal 
input via Port 31 . The Timer Mode register configures the 
external timer input (P31) as an external clock, a trigger 
input that can be retriggerable or non-retriggerable, or as 
a gate input for the internal clock. The counter/timers 
can be cascaded by connecting the TO output to the 
input of T1. 



DSP Clock 



DO, D1 
(DSP CON) 



Yr 



DO (SMR) 



I 



osc 



Internal Data Bus 



ToT2,T3 



Write 



■ 16 



Clock 
Logic 



Internal 
Clock 



External Clock 



rCZr-I> 



\ 



Internal Clock 
Gated Clock 
Triggered Clock 



TIN P31 



12. 



PREO 

Initial Value 
Register 



6-Bit 
Down 
Counter 



6-Bit 
Down 
Counter 



PRE1 
Initial Value 
gister 



TTF 

Wr ite ' 



Write J 



\7 



TO 

Initial Value 
Register 



8-bit 
Down 
Counter 



8-Bit 
Down 
Counter 



2 



T1 

Initial value 
Register 



Write 1 



Readj 



TO 

Current value 
Register 



legistt 



±z 



T1 

Current value 
Register 



Registei 
Read^ W 



Internal Data Bus 



IRQ4 



1 OUT 
P36 



IRQ5 




Figure 17. Counter/Timer Block Diagram 



4-23 



PRELIMINARY 



Z89121/Z89921 
16-Bit Mixed Signal Processor 



Z8 FUNCTIONAL DESCRIPTION (Continued) 



Port Configuration Register (PCON). The PCON register 
configures each port individually; comparator output on 
Port 3, and open-drain on Port and Port 1 . The PCON 
register is located in the Expanded Register File at bank F, 
location 00H (Table 6). 

Comparator Output Port 3 (DO). Bit controls the com- 
parator use in Port 3. A 1 in this location brings the 
comparator outputs to P34 and P35, and a releases the 
Port to its standard I/O configuration. 



Port Open Drain (D1 ). Port can be configured as an 
open-drain by resetting this bit (D1 = 0) or configured as 
push-pull active by setting this bit (D1 = 1). The default 
value is 1. 

Port 1 Open Drain (D2). Port 1 can be configured as an 
open-drain by resetting this bit (D2 = 0) or configured as 
push-pull active by setting this bit (D2 = 1). The default 
value is 1 . 



Table 6. Port Configuration Register (PCON) (F) 00H 



Register 



PCON (F)%0 


Position 


Attrib. 


Value 


Description 




76543--- 






Reserved 




2 — 


R 





Port 1 Open-drain 








1 


Port 1 Push-pull Active* 




1- 


R 





Port Open-drain 








1 


Port Push-pull Active* 







R 





P34, P35 Standard Output* 








1 


P34, P35 Comparator Output 



Note: 

• Default setting after 



Port 4 and 5 Configuration Register (P45CON). The 
P45CON register configures Port4 and Port5, individually, 
to open-drain or push-pull active. This register is located 
in the Expanded Register File at Bank F, location 06H 
(Table 7). 

Port 4 Open Drain (DO). Port 4 can be configured as an 
open-drain by resetting this bit (DO = 0) or configured as 
push-pull active by setting this bit (DO = 1). The default 
value is 1 . 

Table 7. Port 4 and 5 Configuration Register 
(F) 06H [Write Only] 



Register 



P45CON (F)%06 


Position 


Attrib. 


Value 


Description 




765-321- 






Reserved 




— 4 


W 





Port 5 Open-drain 








1 


Port 5 Push-pull Active* 







W 





Port 4 Open-drain 








1 


Port 4 Push-pull Active* 



Note: 

* Default setting after Reset 



Port 5 Open Drain (D4). Port 5 can be configured as an 
open-drain by resetting this bit (D4 = 0) or configured as 
push-pull active by setting this bit (D4 = 1). The default 
value is 1. 
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Power-On Reset (POR). A timer circuit clocked by a 
dedicated on-board RC oscillator is used for the Power-On 
Reset (POR) timer function. The POR time allows V cc and 
the oscillator circuit to stabilize before instruction execu- 
tion begins. 

The POR timer circuit is a one-shot timer triggered by one 
of three conditions: 

1. Power fail to Power OK status. 

2. Stop-Mode Recovery (if D5 of SMR = 1). 

3. WDT time-out. 

The POR time is a nominal 5 ms. Bit 5 of the Stop-Mode 
Register determines whether the POR timer is bypassed 
after Stop-Mode Recovery (typical for external clock, 
RC/LC oscillators). 

HALT. HALT turns off the internal CPU clock, but not the 
XTAL oscillation. The counter/timers and external inter- 
rupts IRQO, IRQ1, IRQ2, and IRQ3 remain active. The 
devices are recovered by interrupts, either externally or 
internally generated. 

STOP. This instruction turns off the internal clock and 
external crystal oscillation. It reduces the standby current 



to 10 llA or less. The STOP mode is terminated by a reset 
only, either by WDT time-out, POR, SMR recovery or 
external reset. This causes the processor to restart the 
application program at address 000CH. In order to enter 
STOP (or HALT) mode, it is necessary to first flush the 
instruction pipeline to avoid suspending execution in mid- 
instruction. To do this, the user must execute a NOP 
(opcode = FFH) immediately before the appropriate sleep 
instruction, i.e.; 

FF NOP ; clear the pipeline 
6F STOP ; enter Stop mode 
or 

FF NOP ; clear the pipeline 
7F HALT ; enter Halt mode 

Stop-Mode Recovery Register (SMR). This register se- 
lects the clock divide value and determines the mode of 
Stop-Mode Recovery (Table 8). All bits are write only 
except bit 7, which is read only. Bit 7 is a flag bit that is 
hardware set on the condition of STOP recovery and reset 
by a power-on cycle. Bit 6 controls whether a low level or 
a high level is required from the recovery source. Bit 5 
controls the reset delay after recovery. Bits 2, 3, and 4, or 
the SMR register, specify the source of the Stop-Mode 
Recovery signal. Bits and 1 determine the ti,ne-out 
period of the WDT. The SMR is located in Bank F of the 
Expanded Register Group at address OBH. 



Table 8. Stop-Mode Recovery Register (SMR) (F) OBH 



Register 

SMR (F)%0B Position Attrib. Value Description 



7 


R 





POR* 






1 


Stop Recovery 


-6 


w 





Low Stop Recovery Level* 






1 


High Stop Recovery Level 


— 5 


w 





Stop Delay On* 






1 


Stop Delay Off 


---432-- 


W 




Stop-Mode Recovery Source 






000 


POR Only* 






001 


Reserved 






010 


P31 






011 


P32 






100 


P33 






101 


P27 






110 


P2 NOR 0-3 






111 


P2 NOR 0-7 


1- 






Reserved 


o 


W 





SCLK^CLK Not Divide by 16* 






1 


SCLK/TCLK Divide by 16 



Notes: 

* Default setting after Reset 

f Reset after Stop-Mode Recovery 
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counter/timers and interrupt l ogic). 

Stop-Mode Recovery Source (D2, D3, and D4). These 
three bits ot the SMR specify the wake-up source of the 
STOP recovery (Figure 18 and Table 9). 



SCLK/TCLK divide-by-16 Select (DO). DO of the SMR 
controls a divide-by-16 prescaler of SCLK/TCLK. The 
purpose of this control is to selectively reduce device 
power consumption during normal processor execution 
(SCLK control) and/or HALT mode (where TCLK sources 



SMR D4 D3 D2 




SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 02 



SMR D4 D3 D2 



SMR D4 D3 D2 



J S ! ? I 1 I 1 1 I 1 1 I 1 1 1 

U a -rJ>, »rt^ ~rj>, jCH^ XM>, 




Digital/, 
Select 



Figure 18. Stop-Mode Recovery Source 

(Table 9). 



Table 9. Stop-Mode Recovery Source 



SMR:432 


Operation 


D4 


D3 


D2 


Description of Action 











POR and/or external reset recovery 








1 


Reserved 





1 





P31 transition 





1 


1 


P32 transition 


1 








P33 transition 


1 





1 


P27 transition 


1 


1 





Logical NOR of P20 through P23 


1 


1 


1 


Logical NOR of P20 through P27 



Stop-Mode Recovery Delay Select (D5). This bit, if High, 
disables the 5 ms /RESET delay after Stop-Mode Recov- 
ery. The default configuration of this bit is one. If the "fast" 
wake up is selected, the Stop-Mode Recovery source is 
kept active for at least five TpC. 

Stop-Mode Recovery Edge Select (D6). A 1 in this bit 
position indicates that a high level on any one of the 
recovery sources wakes the Z891 21 /921 from STOP mode. 
A indicates low level recovery. The default is on POR 



Cold or Warm Start (D7) . This bit is set by the device upon 
entering STOP mode. It is active High, and is (cold) on 
POR/WDT /RESET. This bit is read only. It is used to 
distinguish between cold or warm start. 

DSP Control Register (DSPCON). The DSPCON register 
controls various aspects of the Z8 and the DSP. It can 
configure the internal system clock (SCLK) or the Z8, 
RESET, and HALT of the DSP, and confrol the interrupt 
interface between the Z8 and the DSP (Table 10). 

Z8 IRQ3 (DO). This bit, which causes the Z8 interrupt, can 
be set by the DSP by writing bit 9 of ICR. Z8 has to set this 
bit after serving the IRQ3 interrupt. The DSP can poll the 
status of IRQ3 by reading ICR bit 9. 

DSP INT2 (D1 ). This bit is linked to DSP interrupt (INT2). It 
can be set by the Z8. After serving INT2, the DSP has to 
write a 1 to an appropriate bit in ICR (EXT4) to clear the IRQ. 
Reading this bit reflects the status of INT2 of the DSP. 
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Table 10. DSP Control Register 
(F) OCH [Read/Write] 



Field 

DSPCON(F)0CH Position Attrib. Value Label 



Z8_SCLK 7 6 R/W 00 


2.5 MHz (OSC/8) 




01 


5 MHz (OSC/4) 




1x 


10 MHz (OSC/2) 


DSP Reset --5 R 




Return '0' 


W 





No effect 




1 


Reset DSP 


DSP_Run ---4 R/W 


HalLDSP 




1 


Run_DSP 


Reserved 32-- 


XX 








Return '0' 






No effect 


IntFeedback 1- R 




FB_DSP_INT2 


W 


1 


Set DSPJNT2 







No effect 


R 




FB_Z8_IRQ3 


W 


1 


Clear IRQ3 







No effect 


DSP RUN (D4). This bit defines the Halt mode of the DSP. 


Watch-Dog Timer Mode Register (WDTMR). The WDT is 


If this bit is set to 0, then the DSP clock is turned off to 


a retriggerable one-shot timer that resets the Z8 if it 


minimize power consumption. After this bit is set to 1 , then 


reaches its terminal count. The WDT is initially enabled by 


the DSP will continue code execution from where it was 


executing the WDT instruction and refreshed on subse- 


halted. After a hardware reset, this bit is reset to 1 . 


quent executions of the WDT instruction. The WDT circuit 




is driven by an on-board RC oscillator or external oscillator 


DSP RESET (D5). Setting this bit to 1 will reset the DSP. If 


from the XTAL1 pin. The POR clock source is selected with 


the DSP was in HALT mode, this bit is automatically preset 


bit 4 of the WDT register (Table 1 1 ). 


to 1 . Writing a has no effect. 







Z8 SLCK (D6-D7). These bits define the SCLK frequency 
of the Z8. The oscillator can be either divided by 8, 4, or 2. 
After a reset, both of these are defaulted to 00. 



Table 1 1 . Watch-Dog Timer Mode Register (F) OF 



Register 












WDTMR (F)%0F 


Position 


Attrib 


Value 


Description 






765 






Reserved 






---4 


R/W 



1 


On-Board RC for WDT* 
XTAL for WDT 








R/W 




1 


WDT Off During STOP 
WDT On During STOP* 








R/W 




1 


WDT Off During HALT 
WDT On During HALT* 






10 


R/W 


00 
01 
10 

11 


Int RC Osc Ext. Clock 
5 ms 256 TpC 
15 ms 512 TpC* 
25 ms 1024 TpC 
100 ms 4096 TpC 





Note: 

* Default setting after Reset 
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Z8 FUNCTIONAL DESCRIPTION (Continued) 



/RESET 




4 Clock 
Filter 



WDT Select 
(WDTMR) 

CK Source 
Select 
(WDTMR) 

XTAL 



Clear 
CLK 



18 Clock RESET 
Generator 



RESET 



RC 
OSC. 



WDT TAP SELECT I 



5mS POR 
CK 

CLR 



5mS 15mS 25mS 100mS 
WDT/POR Counter Chain 



VDD 
2V REF. 



From Stop 
Mode 
Recovery 
Source 



— Pv_ 



2V Operating 
Voltage Det. 




Internal 
RESET 



12 ns Glitch Filter 



WDT 

Stop Delay 
Select (SMR) 



Figure 19. Resets and WDT 



WDT Time Select (DO, D1). Selects the WDT time period. 
It is configured as shown in Table 12. 



Table 12. WDT Time Select 







Time-out of 


Time-out of 


D1 


DO 


Internal RC OSC 


XTAL clock 








5 ms min 


256 TpC 





1 


15 ms min 


512 TpC 


1 





25 ms min 


1024 TpC 


1 


1 


100 ms min 


4096 TpC 



Notes: 

TpC = XTAL clock cycle 
The default on reset is 15 ms. 



WDT During HALT (D2). This bit determines whether or 
not the WDT is active during HALT mode. A 1 indicates 
active during HALT. The default is 1 . 

WDT During STOP (D3). This bit determines whether or 
not the WDT is active during STOP mode. Since XTAL 
clock is stopped during STOP mode, the on-board RC has 
to be selected as the clock source to the POR counter. A 
1 indicates active during STOP. The default is 1. 

Clock Source for WDT (D4). This bit determines which 
oscillator source is used to clock the internal POR and WDT 
counter chain. If the bit is a 1 , the internal RC oscillator is 
bypassed and the POR and WDT clock source is driven 
from the external pin, XTAL1 . The default configuration of 
this bit is which selects the RC oscillator. 
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DSP FUNCTIONAL DESCRIPTION 



The DSP coprocessor is characterized by an efficient 
hardware architecture that allows fast arithmetic opera- 
tions such as multiplication, addition, subtraction and 
multiply accumulate of two 16-bit operands. Most instruc- 
tions are executed in one clock cycle. 



Four DSP registers (EXT3-EXT0) are shared through a 
quasi dual port mapping with the expanded register file of 
the Z8. Communication between the Z8 and the DSP 
occurs through these mailbox registers and inter-proces- 
sor interrupt mechanism. 



(B)00, (B)01 
(B)02, (B)03 



(B)04, (B)05 
(B)06, (B)07 



Outgoing Registers 








EXTO 






EXT1 






EXT2 






EXT3 



(F)0C 



D7, D1 



Incoming Registers 



Reserved 



(B)08, (B)09 
(B)0A, (B)OB 










(B)0C, (B)0D 
(B)0E, (B)0F 











EXTO 
. EXT1 



DSP Interrupt Control Register 



EXT2 
EXT3 

EXT4 



D/Aand Codec Interface Registers 



EXT5 



Analog Control Register 



EXT6 



EXT7 



-N 



-N 



-N 



-N 



Figure 20. Z8-DSP Interface 



DSP-Z8 Mail Box 

To receive information from the DSP, the Z8 uses eight 
incoming registers which are mapped in the Z8 extended 
Register File (Bank B, 08 to OF). The DSP treats these as 
four 16 bit registers that correspond to the eight incoming 
Z8 registers (Figure 20). 

The Z8 can supply the DSP with data through eight 
outgoing registers mapped into both the Z8 Expanded 
Register File (Bank B, Registers 00 to 07) and the external 
register interface of the DSP. These registers are R/W and 
can be used as general purpose registers of the Z8. The 



DSP can only read information from these registers. Since 
the DSP uses a 1 6-bit data format and the Z8 an 8-bit data 
format, eight outgoing registers of the Z8 correspond to 
four DSP registers. The DSP can only read information from 
the outgoing registers. 

Both the outgoing registers and the incoming registers 
share the same DSP address (EXT3-EXT0). 

Note: The Z8 can read and write to ERF Bank B R00-R07, 
Registers 08-OF are read only from the Z8. 
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Table 13. Z8 Outgoing Registers (Read Only from DSP) 


Field 


Position 


Attrib. 


Value 


Label 


Outgoing [0] (B)00 
Outgoing [1] (B)01 
Outgoing [2] (B)02 
Outgoing [3] (B)03 
Outgoing [4] (B)04 
Outgoing [5] (B)05 
Outgoing [6] (B)06 
Outgoing [7] (B)07 


76543210 
76543210 
76543210 
76543210 
76543210 
76543210 
76543210 
76543210 


R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 


%NN 
%NN 
%NN 
%NN 
%NN 
%NN 
%NN 
%NN 


(B)00/DSP_extO_hi 
(B)01/DSP_extO_lo 
(B)02/DSP_ext1_hi 
(B)03/DSP extl lo 
(B)04/DSP_ext2_hi 
(B)05/DSP_ext2_lo 
(B)06/DSP ext3 hi 
(B)07/DSP ext3 lo 



Table 14. Z8 Incoming Registers (Write Only from DSP) 



Field 




Position 


Attrib. 


Value 


Label 


Incoming [8] (B)08 




76543210 


R 
W 


%NN 


DSP_extO_hi 
No Effect 


Incoming [9] (B)09 




76543210 


R 
W 


%NN 


DSP_extO_lo 
No Effect 


Incoming [a] (B)0A 




76543210 


R 
W 


%NN 


DSP_ext1_hi 
No Effect 


Incoming [b] (B)0B 




76543210 


R 
W 


%NN 


DSP_ext1_lo 
No Effect 


Incoming [c] (B)0C 




76543210 


R 

W 


%NN 


DSP_ext2_hi 
No Effect 


Incoming [d] (B)0D 




76543210 


R 


%NN 


DSP_ext2_lo 






W 




No Effect 


Incoming [e] (B)0E 




76543210 


R 

W 


%NN 


DSP_ext3_hi 
No Effect 


Incoming [f] (B)0F 




76543210 


R 


%NN 


DSP_ext3_lo 






W 




No Effect 



Table 15. DSP Incoming Registers 



Field 


Position 


Attrib. 


Value 


Label 


DSP_extO 


fedcba9876543210 


R 


%NNNN 


(B)00, (B)01 


Mail Box 




W 




(B)08, (B)09 


DSP_ext1 


fedcba9876543210 


R 


%NNNN 


(B)02, (B)03 


Mail Box 




W 




(B)0A, (B)0B 


DSP_ext2 


fedcba9876543210 


R 


%NNNN 


(B)04, (B)05 


Mail Box 




W 




(B)0C, (B)0D 


DSP_ext3 


fedcba9876543210 


R 


%NNNN 


(B)06, (B)07 


Mail Box 




W 




(B)0E, (B)0F 
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DSP Interrupts 

The DSP processor has three interrupt sources (INT2, 
INT1, INTO) (Figure 21). These sources have different 
priority levels (Figure 22). The highest priority, the next 
lower and the lowest priority level are assigned to INT2, 
INT1 and INTO, respectively. The DSP does not allow 



interrupt nesting (interrupting service routines that are 
currently being executed). When two interrupt requests 
occur simultaneously the DSP starts servicing the interrupt 
with the highest priority level. 



Z8JNT 
Codec INT 
PWM INT 

IPR2 
IPR1 
IPRO 

FB DSP 



Interrupt Select Logic -*> Interrupt Request Logic 



FeedBack Z8JNT MPX 



INT2 
1 

INT1 



INTO 



Interrupt Mask Logic 



CLEARJNTO 



CLEARJNT1 



CLEARJNT2 



ENABLEJNT 



INT2 
» 

INT1 
» 

INTO 



Figure 21 . DSP Interrupts 



INTO 



n 



INT1 



INT2 



DSP Execution 



INT2 



INTO 



INT1 



INT2 



Figure 22. DSP Interrupt Priority Structure 
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DSP Interrupts (Continued) 



Table 16. EXT4 DSP Interrupt Control Register (ICR) Definition 



Field 


Position 


Attrib 


Value 


Label 


DSPJNT2 


f 


R 


1 


INT2_is set 











INT2_is reset 




f 


W 


1 


Clear_DSP_INT2 











Has_no_effect 


DSPJNT1 


-e 


R 


1 


INTUs set 











INT1_is reset 




-e 


W 


1 


Clear_DSP_INT1 











Has_no_effect 


DSPJNTO 


__ d 


R 


1 


INTOjs set 











INTOJs reset 




__ d 


W 


1 


Clear_DSP_INT0 











Has_no_effect 


DSP_MasklNT2 


c 


R/W 


1 


Enable_INT2 











Disable_INT2 


DSP_MasklNT1 


b 


R/W 


1 


Enable_INT1 











Disable_INT1 


DSP_MasklNTO 


a 


R/W 


1 


Enable_INT0 











DisableJNTO 


Z8JRQ3 


g 


R 


1 


IRQ3_active 











IRQ3_inactive 






W 


1 


Set_Z8_IRQ3 











Has_no_effect 


EnableJNT 




R/W 


1 


Enable_INT 











DisableJNT 


DSP_INTSel2 




R/W 


Binary 


INTSel2 


DSP_INTSel1 




R/W 


Binary 


INTSeM 


DSPJNTSelO 




R/W 


Binary 


INTSelO 


Reserved 


43210 




xxxxx 


Reserved 



Interrupt Control Register (ICR). The ICR is mapped into 
EXT4 of the DSP (Table 1 6). The bits are defined as follows. 

DSPJRQ2 (Z8 Interrupt). This bit can be read by both Z8 
and DSP and can be set only by writing to the Z8 expanded 
Register File (Bank F, ROC, bit 0). This bit asserts IRQ2 
of the DSP and can be cleared by writing to the 
Clear_IRQ2 bit. 

DSPJRQ1 (A/D Interrupt). This bit can be read by the DSP 
only and is set when valid data is present at the A/D output 
register (conversion done). This bit asserts IRQ1 of the 
DSP and can be cleared by writing to the Clear_IRQ1 bit. 



DSPJRQO (D/A Interrupt). This bit can be read by DSP 
only and is set by Timer3. This bit assists IRQO of the DSP 
and can be cleared by writing to the ClearJRQO bit. 

DSP_MasklntX. These bits can be accessed by the DSP 
only. Writing a 1 to these locations allows the INT to be 
serviced, while writing a masks the corresponding 
INT off. 
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Z8JRQ3. This bit can be read from both Z8 and DSP and 

can be set by DSP only. Addressing this location accesses 
bit D3 of the Z8 IRQ register; hence, this bit is not imple- 
mented in the ICR. During the interrupt service routine 
executed on the Z8 side, the User has to reset the Z8JRQ3 
bit by writing a 1 to bit DO of the DSPCON. Three Z8 
instructions after this operation, the hardware of the Z891 21 / 
921 automatically resets Z8JRQ3. This delay provides the 
timing synchronization between the Z8 and the DSP sides 
during interrupts. In summary, the interrupt service routine 
of the Z8 for IRQ3 should be finished by: 

PUSH RP 

LD RP,#%0F 

OR r12,#%01 

POP RP 
IRET 



Table 17. DSP Interrupt Selection 


DSP_IPR[2-0] 


Z8JNT is 


CodecJNT is 


D/AJNT is 


2 1 


Switched to 


Switched to 


Switched to 


000 


INT2 


INT1 


INTO 


001 


INT1 


INT2 


INTO 


1 


INT2 


INTO 


INT1 


1 1 


INT1 


INTO 


INT2 


1 00 


INTO 


INT2 


INT1 


1 1 


INTO 


INT1 


INT2 


1 1 


Reserved 


Reserved 


Reserved 


1 1 1 


Reserved 


Reserved 


Reserved 



DSP EnableJNT. Writing a 1 to this location enables 
global interrupts of the DSP while writing disables them. 
A system Reset globally disables all interrupts. 

DSPJPRX. This 3-bit group defines the Interrupt Select 
logic according to Table 17. 

Clear IRQX. These bits can be accessed by the DSP only. 
Writing a 1 to these locations rests the corresponding 
DSPJRQX bits to 0. ClearJRQX are virtual bits and are not 
implemented. 



— 
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PULSE WIDTH MODULATOR (PWM) 

4 kHz mode (10 bit resolution) 



1024 
inactive 



sample period 
4096 active slots 









w 


1024 


1024 


1024 


1024 













< 


\ 


5120 slots 

\ 


1 


— ► 

1 



All 4-1024 blocks are 
filled together. The 1024 
block corresponds to the 
numbers of slots possible from 
a1 Obit number. The 1st 
5 bits are used to fill a C-slot.. 
Bits 6-10 are used to insert 
filled ( 



32 


32 


32 


32 




32 


32 


32 





















C-slots 



10 kHz mode (10 bit resolution) 

sample period 



2048- 



1024 



1024 



Both 1024 blocks are 
filled together. The 1st 
5 bits fill a Cslot. Bits 
6-10 are used to insert 
filled C-slots. 



subdivided into C-slots as above 



16 kHz mode (10 bit resolution) 

sample period 

1280 



256 inactive 



1024- 



The 1st 5 bits fill a C-slot. 
Bits 6-10 are used to insert 
filled C-slots. 



subdivided into C-slots as above 



64 kHz mode (8 bit resolution) 

sample period 



320- 



64 inactive 



256 



32 1 32 j 32 | 32 1 32 1 32 | 32 | 32 
C-slots 



The 1st 5 bits fill a C-slot. 
Bits 6, 7 and 8 are used to 
insert the correct number 
of filled C-slots. 



Figure 23. PWM Output 
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CODEC INTERFACE 

Codec interface provides the user all the necessary sig- 
nals to connect two independent codec chips. The sup- 
ported sampling rate is 8K samples/sec. at a data rate of 
2.048 MHz, or 6.66K samples/sec. at a 1.7066 MHz data 



rate. Figure 24 shows the connection of T2 (TCM29C18) 
and Motorola (MC145503) Codec to Z89121. The timing 
diagram is shown in Figure 25. 



-5V 



Analog Out 



+5V 



GND 



{ VBB 
[ PWRO+ 
C PWRO- 
[ /PDN 
{ DCLKR 
£ PCM IN 



TCM29C18 
<^ 



vcc p 

GSX 
ANALOG IN p 
AN GND 
fTSX 
PCM OUT 



f_ FSR/TSRE FSX/TSXE 



{ GND 



CLK } 



+5V 



Analog In 
GND 



DIN/P33 



DENA0/P34 



DCLK/P35 



DOUT/P36 



MC1 45503 



GND 



Analog In 



GND 



Analog Out 
+5V 



£ VAG 
[ RXO 
LJ +Tx 
Txl 



+5V 



-5V 



C -TX 

{ Mu/A 

■[ /PDI 

{ VSS 



VDD } 
RDD } 
RCE ] 
RDC } 
TDC ] 
TDD 
TDE 
VLS 



+5V 



DOUT 



DENA 



DCL.K 



DIN 



GND 



Figure 24. Connecting TCM29C18 and MC1 45503 to Z891 21/921 
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CODEC INTERFACE (Continued) 



Clock 



Enable 



PCMJN 
(PCM_OUT) 



DATA_VALID 




Clock 



EnableO 



Enablel 



PCMJN 
(PCM_OUT) 



I 

0U 














Ft 


b 










DATA_VALID 



Figure 25. Timing Diagram of Codec Interface 
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D/A (PWM) Converter/Codec interface Register -EXT5 



External DSP register EXT5 is used by the D/A converter 
and an External Codec Interface. The accessibility of all 
these devices is driven by the Analog Control register 
(EXT6). 

The D/A converter (10-bit PWM) will be loaded by writing 
to register EXT5 of the DSP. 

Two different Codecs can be addressed by the Analog 
Control register (EXT6). The data loaded to CodecO and 
Coded is defined by writing to the EXT5 register of the 
DSP, while reading from this register gives the data re- 
ceived from Codecs. 



Because the same logical register (EXT5) can be either the 
source or the destination for several physical devices (D/A 
and Codecs), the user must specify which one of all 
available devices he desires to write (read) to (from). EXT5 
bits 'e' and f are used to distinguish between different 
devices upon writing data to D/A, CodecO and Coded , as 
shown below. Upon reading from EXT5, the DSP reads in 
sequence all active (enabled) devices according to the 
definition of the Select_Sequence field (bits 'c' and 'd') in 
ACR (EXT6). The sequence of reading data can be reset 
by writing a 1 to the Reset_Toggle field of EXT6. 

Register EXT5 is accessible to the DSP only. 



Digital to Analog 



ter - EXT5 (when written) 



The D/A conversion is DSP driven by sending 10-bit data 
to the external register EXT5 of the DSP. The six remaining 
bits of EXT5 are reserved, as shown in the following table. 



Data will be loaded into the D/A latch during the clock cycle 
following the (Id EXT5,data) instruction. 



Table 18. EXT5 (when written) 



Field 


Position 


Attrib. 


Value 


Label 





Data 




W 





Should be '0' 






-edcba 






RGssrvsd 






98765 


w 


%NN 


DataToPWM (High Val) 






43210 


w 


%NN 


DataToPWM (Low Val) 







Codec Interface Controller - EXT5 (when written) 



The two Data registers of the External Codec interface are 
mapped into the external register EXT5 of the DSP. The 
eight remaining bits of EXT5 are reserved as shown in the 



Table 19. Data will be loaded into the corresponding Data 
register (defined by field 'e') during the clock cycle follow- 
ing the (Id EXT5,data) instruction. 



Table 19. EXT5 (when written) 


Field 


Position Attrib. 


Value 


Label 


Data 


Hi 


1 


Should be '1' 









CodecO 






1 


Coded 




--dcba98 




Reserved 




76543210 


%NN 


DataToCodec 
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Codec Interface Controller - EXT5 (when read) 

8-Bit Data can be read from the Codec by the DSP via the eight bits, through 7, return Data; the remaining bits are 
external register, EXT5. Of the 16 bits of the EXT5, only padded with zeroes. 



Table 20. EXT5 (when read) 



Field Position Attrib. Value Label 

Data fedcba98 Return '0' 

76543210 %NN DataFromCodec 



Analog Control Register (ACR) 

The Analog Control register is mapped to register EXT6 of The 1 6-bit field of EXT6 defines modes of both the A/D and 

the DSP (Table 21). This read/write register is accessible the D/A. The High Byte configures the Codec, 
by the DSP only. 



Table 21. EXT6 Analog Control Register (ACR) 



Field 


Position 


Attrib. 


Value 


Label 


MPXJDSPJNTO 




R/W 


1 


P26 











Timer3 


Resetjoggle 


-e 


R 




Return '0' 






W 


1 


Reset Toggle 











No Effect 


Select-Sequence 


--de 


R/W 


XX 


Selects CodecO/Coded upon 










Reading EXT5 


Reserved 




R 




Return '0' 






W 




No Effect 


D/A_SamplingRate 


a98 


R/W 


11x 


Reserved 








101 


Reserved 








100 


64 kHz 








010 


16 kHz 








011 


10 kHz 








001 


4 kHz 








000 


Reserved 


Div10/12 




R/W 


1 


Divided by 10 











Divided by 12 


Reserved 




R/W 




Should Be Set to '0' 


Reserved 


543210 


R 


%DD 


Return '0' 






W 




No Effect 
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DSP IRQO. Defines the source of DSP IRQO interrupt. A 1 should be written to bit 'e' in order to reset the 

sequence. Writing 1 to bit e ensures the next data read 
Select_Sequence. Defines the CodecO and Coded from EXT5 is the data of CodecO. 
enabling/disabling and the sequence of reading data from 
these devices starting from the reset condition (Table 22). 



Table 22. Select Sequence 


Select Sequence 


Codec Enabled/Disabled 


Sequence of Access 


d c 


CodecO 


Coded 


First 


Second 





Disable 


Disable 


N/A 




1 


Enable 


Disable 


CodecO 


N/A 


1 


Enable 


Enable 


CodecO 


Coded 


1 1 


Disable 


Disable 


Reserved 


Reserved 



Div 10/12. This bit defines the speed of the Codecs. If the 
bit is set to 1 , the Codec clock frequency is set to 2.048 
MHz, and the sampling rate is 8 kHz. if the bit is reset to 0, 
Codec clock frequency is set to 1 .7066 MHz and the 
sampling rate to 6.66 kHz. 

Note: Bit 6 of ACR should be set to zero. 

D/A Sampling Rate. This field defines the sampling rate 
of the D/A output. It changes the period to Timer3 interrupt 
and the maximum possible accuracy of the D/A (Table 23). 



Table 23. D/A Data Accuracy 



D/A Sampling Rate 




D/A Accuracy 


Sampling Rate 


1 


64 kHz 8 Bits 


1 


16 kHz 10 Bits 


1 1 


10 kHz 10 Bits 


1 


4 kHz 10 Bits 



DSP Timers 



Timer2 is a free-running counter that divides the XTAL 
frequency (20.48 MHz) to support different sampling rates 
for the A/D converter. The sampling rate is defined by the 
Analog Control Register. Upon reaching the end of a 
count, the timer generates an interrupt request to the DSP. 

Analogous to Timer2, Timer3 generates the different sam- 
pling rates for the D/A converter. Timer3 also generates an 



interrupt request to the DSP upon reaching its final count 
value (Figure 26). 

Note: The crystal speed in this example is 20.48 MHz, 
which is the maximum tested speed, but other lower 
speeds may be used. 



-5V 
Control 



OSC 
20.48 MHz 



TIMER2 
2.048 MHz -> 8 kHz 
1.7066 MHz -» 6.66 kHz 



Codec 



TIMER3 




PWM 


64, 16, 10,4 kHz 





Figure 26. Timer2 and Timer3 
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Minus 5V DC Generation 



Some Codecs require a±5V power supply. The Z891 21/921 
provides a -5V 0UT output to drive an external pump circuit. 
A complete circuit diagram for the-5V generation is shown 
in Figure 27. The reference voltage of 2.5V is generated by 
a resistor divider R5, R6 on the P33 input of Z86C67/921 . 
This voltage is compared with the voltage of the voltage 
divider formed by R2, R4. If the latter voltage rises above 



Z89121 



the reference voltage, the comparator (inside Z86C67/ 
921) will be switched and connect the internal 128 kHz 
output of Timer2 to the -5V OUT output pin of Z89 1 21 /921 . On 
the contrary, the -5V 0UT will be switched off if the voltage 
from voltage divider R2, R4 drops below the reference 
voltage. This regulates the voltage across C1 to be -5V. 



vcc +5V 




C1=200.0nF 



R6=4.7K 



Figure 27. Circuit Diagram for -5V Generation 
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DRAM INTERFACE 

The DRAM interface controller accepts a wide variety of to support: 1 Mbit x 1 , 4 Mbit x 1 , 1 Mbit x 4, 4 Mbit x 4 
external DRAM configurations (up to 48 Mbits) with 4-bit DRAM. DRAM interface registers are mapped to ex- 
wide data buses. It can be reconfigured from the software panded register file (bankOA). 



Table 24. Registers of DRAM Interface 


Field 


Position 


Attrib 


Value 


Label 


Data (Register (A)00) 


76543210 


R/W 


%FF 


Data 


Control (Register (A)01) 


76543210 


R/W 


%FF 


See Text 


Most Significant Byte (Register (A)02) 


76543210 


R/W 


%FF 


Data 


Middle Significant Byte (Register (A)03) 


76543210 


R/W 


%FF 


Data 


Least Significant Byte (Register (A)04) 


76543210 


R/W 


%FF 


Data 


Refresh Count (Register (A)05) 


76543210 


R/W 


%FF 


Data 



Data Register. This register is used as a logical device for 
reading (writing) data from (to) the DRAM. After reading by 
the Z8 in Auto Increment mode, the logical DRAM address 
specified by register (AH)04H is increased by 1 and new 
DRAM data at this address will be read and stored into the 
data register. When data is written to this register, it will be 
stored into the last valid DRAM logical address. The 
hardware write-data-to-DRAM cycle is implemented as an 
early write cycle with Twcs > 40 ns. The user has to load a 
23-bit address into the Least, Middle, and Most Significant 
Byte Registers and then write the 8-bit data to the Data 
Register. The data will be automatically separated into 
higher nibble and lower nibble and stored into two subse- 
quent locations in the DRAM (2*Address for higher nibble 
and 2*Address+1 for lower nibble). Writing data to the 
Data Register with the Auto-incremental Bit (bit 0) of the 
DRAM Control Register equal to increases the address 
in the Least Significant DRAM register (AH)04H by 1 . 



Most, Middle, and Least Significant Byte Registers. The 

23-bit logical address of DRAM is stored in these three 
registers. Upon writing to these registers, the read cycle 
from DRAM is executed so that the new data is available in 
the data register. 

Refresh Count Register. The /RAS-only refresh cycle is 
transparent to user and is supported by hardware logic. 
This register specifies how many rows of memory matrix, 
starting from the beginning of the DRAM (logical address 
000000H), should be refreshed. The number of the rows in 
DRAM to be refreshed is defined by the value in Refresh 
Count Register plus one and then multiplied by eight. 
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' ■ ■ basic timing diagram of the DRAM interface is shown 
in Figure 28. 




AH - Address Hi (During /RAS) 
ALO - Address Lo (During /CAS) Bit = 
AL1 - Address Lo (During /CAS) Bit = 1 
RE - Refresh Address 



Figure 28. Timing Diagram for DRAM Interface 



PRELIMINARY 



Z89121/Z89921 
16-Bit Mixed Signal Processor 



DRAM Control Register 

The register defines DRAM access time, DRAM memory 
size, refresh operation, etc. (Figure 29). After Power-On 
Reset, the DRAM Control Register is set to %00, which 



defines 1 Mbit DRAM configuration with permanently ac- 
tive DRAM refreshing. 



Table 25. DRAM Control Register 



Register 


Position 


Attrib. 


Value 


Description 




Access_Time 


7 


R/W 





400 ns 










1 


200 ns 


AHAM_Slze 




K/W 


u 

1 


1 Mbit 
4 Mbit 




Reserved 


__ 54 


R/W 


%DD 


number 












These two bits can be used as User defined flags. 


Refresh_start 


32-- 


R/W 


00 


Permanently 










01 


Upon TO 










10 


Upon TO 








11 


Refresh off 




Refresh_clear 


i_ 


R 




Return '0' 








W 


1 



Refresh clear 
No effect 




Autoincrement 


o 


R/W 




1 


Increment ON 
Increment OFF 





Access_time. This bit defines the speed of DRAM Con- 
troller. The read/write cycle width can be changed to 
support slower DRAMs. When set to 1, the width of /CAS 
signal is set to 200 ns. Reset the Accessjime bit to set 
the width of /CAS signal to 400 ns. 

DRAM_size. DRAM interface supports four different sizes 
of ARAM: 1 Mbit x 1 , 1 Mbit x 4, 4 Mbit x 1 and 4 Mbit x 4. 
These require either 1 1- or 10-bit address bus. For 1 Mbit 
x 1 or 1 Mbit x 4 DRAM, the ADDR1 is used to generate 
select (/CAS) signal. 



Bit 6 


/CAS 


ARAM_SEL1 


ARAM_SEL0 


AddMO 





1st /CAS 


3rd /CAS 


2nd /CAS 


Addr10 


1 


1st /CAS 


3rd /CAS 


2nd /CAS 


4th /CAS 



Auto Increment. This bit specifies the Auto Increment of 
the LBS byte of the DRAM address. The Auto Increment 
function does not affect any flag of Z8. 
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DRAM Interface 



12. 



Data 
Transmitting 
Register 



I 



Data 
Receiving 
Register 



TT 



TV 



Most 
Significant 
Byte Register 



TTT 



12. 



Middle 
Significant 
Byte Register 



Select MPX 



* * + + 

Data MPX 



Y T 



/CAS MPX 



++++++++++ ++++++++++ 



□ /CAS 



Least 
Significant 
Byte Register 



Address MPX 



llll T! 6 i iiiiiiiiii 



DO D1 D2 D3 



/CAS SEL1 SELO A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO 



Figure 29. Block Diagram of the DRAM Interface 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Description 


Min 


Max 


Units 


Vcc 


Supply Voltage (*) 


-0.3 


+7.0 


V 


"^STG 


Storage Temp 


-65° 


+ 150° 


c 


T A 


Oper Ambient Temp 




t 


c 



Notes: 

* Voltage on all pins with respect to GND. 
t See Ordering Information. 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied . Exposure to 
absolute maximum rating conditions for an extended pe- 
riod may affect device reliability. 



STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 30). 



+5V 



2.1 kn 



From Output 
Under Test 



150 pF ?fe 



9.1 k£i 



Figure 30. Test Load Diagram 



CAPACITANCE 

T A = 25°C, V cc = GND = 0V, f = 1 .0 MHz, unmeasured pins returned to GND. 



Parameter Max 

Input capacitance 12 pF 

Output capacitance 12 pF 

I/O capacitance 12 pF 



DC ELECTRICAL CHARACTERISTICS 



V cc T A = 0°C to +70°C Typical 



Symbol 


Parameter 


Note[1] 


Min 


Max 


@25°C 


Units 


'cc 
Ice, 

'cC2 
h 


Supply Current 
HALT Mode Current 
STOP Mode Current 
Output Current, -5V Supply 


5.0V 
5.0V 
5.0V 


-15 


65 
10 
20 


40 
6 
6 

-20 


mA 
mA 
MA 
mA 



Note: 

[1] 5.0V±0.5V 
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DC ELECTRICAL CHARACTERISTICS 









V<>°c 




T A = -40°C 












Vcc 


to +70°C 




to +105°C 


Typical 






Qum 


Parameter 


Note [3] 


Min 

min 


Max 


Min 


Max 




Unite 


IsUllUIUUllb 




Max Input Voltage 


3.3V 




7 




7 




V 


l IN 250 uA 






5.0V 




7 




7 




V 


l IN 250 uA 




Clock Input High Voltage 3.3V 


0-7 V cc 


V cc+ 0.3 


0-7 


Vcc+0.3 


1.3 


V 


Driven by External Clock Generator 




5.0V 


n 7 \/ 


V cc +0J 


0-7 V cc 


Vcc+0.3 




U 
V 


Driven by External Clock Generator 


v CL 


Clock Input Low Voltage 


3.3V 


GND-0.3 


0.2 V.. 

CC 


GND-0.3 


0-2 V cc 


0.7 


V 


Driven by External Clock Generator 






5.0V 


GND-0.3 


0-2 V cc 


GND-0.3 


0-2 V cc 


1.5 


V 


Driven by External Clock Generator 




Input High Voltage 


3.3V 


°- 7V co 


Vcc+0-3 


0-7 V cc 


Vcc+03 


1.3 


V 






5.0V 


n 7 w 

0- 7V cc 


V cc +0.3 


0-7 V cc 


Vcc+0.3 


2.5 


If 

V 




\ 


Input Low Voltage 


3.3V 


GND-0.3 


0.2 V„ 
™ "cc 


GND-0.3 


0-2 V cc 


0.7 


V 






5.0V 


GND-0.3 


0-2 V cc 


GND-0.3 


02 V cc 


1.5 


V 






Output High Voltage 


3.3V 


V cc ^ 




Vcc -« 


3.1 


V 


l 0H = -2.0 mA 




5.0V 






V cc -0-4 




A Q 
4.0 


V 


l OH = -2.0 mA 


v„, ( 

0L1 


Output Low Voltage 


3.3V 




0.6 




0.6 


0.2 


V 


l 0L = +4.0 mA 




5.0V 




0.4 




0.4 


0.1 


V 


l OL = +4.0 mA 


v 

"012 


Output Low Voltage 


3.3V 




1.2 




1.2 


0.3 


V 


l 0L = +6 mA, 3 Pin Max 




5.0V 




1 

\.i 




1.2 


U.J 


V 


1 ,iO m A O Dirt K Ar,\r 

i 0L = mA, o rin Max 




Reset Input High Voltage 


3.3V 


0.8 V.. 

cc 


v 

CC 


0-8 V cc 


^cc 


1.5 


V 






5.0V 


0-8 V cc 


*cc 


0-8 V cc 


^cc 


2.1 


V 




\ 


Reset Input Low Voltage 


3.3V 


GND-0.3 


02 V cc 


GND-0.3 


0-2 V cc 


1.1 










5.0V 


ri\in_n q 
uINU— U.o 


n o \i 
U 1 V cc 


GND-0.3 


0-2 V cc 


1 7 
\.l 






V 

OFFSET 


Comparator Input Offset 


3.3V 




25 




25 


10 


mV 




Voltage 






25 




25 


10 


mV 






Input Leakage 




-1 


1 


-1 


2 


<1 


MA 


V =0V V 
"in UV| "cc 






5.0V 


-1 


1 


-1 


2 


<1 


ma 


V =0V V 
"in u "' "cc 


w 


Output Leakage 


3.3V 


-1 


1 


-1 


2 


<1 


uA 


V =0V V 
"in uv ' "cc 






5.0V 


-1 


1 


-1 


2 


<1 


uA 


V =0V V 

"IN u "' "cc 




Reset Input Current 


3.3V 




-45 




-60 


-20 


MA 








5.0V 




-55 




-70 


-30 


MA 
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AC CHARACTERISTICS 

External I/O or Memory Read and Write Timing Diagram 



R//W 



Port 0, /DM 



Portl 



/AS 



/DS 
(Read) 



Portl 



/DS 
(Write) 



X 



X 



X 



-®- 



A7 



<5> 



-®- 







< 



D7 - DO IN 



-ay 



D7-D0 OUT 



X 



X 



X 



Figure 31. External I/O or Memory Read/Write Timing 
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AC CHARACTERISTICS 

External I/O or Memory Read and Write Timing Table 









Vcc 


V 


0°C to +70°C 






No 


Symbol 


Parameter 


Note [4] 


Min 


Max 


Units 


Notes 


1 


TdA(AS) 


Address Valid to /AS Rise Delay 


5.0 


20 




ns 


[2,3] 


2 


TdAS(A) 


/AS Rise to Address Float Delay 


5.0 


25 




ns 


[2,3] 


3 


TdAS(DR) 


/AS Rise to Read Data Req'd Valid 


5.0 




150 


ns 


[1,2,3] 


4 


TwAS 


/AS Low Width 


5.0 


30 




ns 


[2,3] 


5 


TdAZ(DS) 


Address Float to /DS Fall 


5.0 







ns 




6 


TwDSR 


/OS (Read) Low Width 


5.0 


105 




ns 


[1,2,3] 


7 


TwDSW 


/DS (Write) Low Width 


5.0 


65 




ns 


[1.2, 3] 


8 


TdDSR(DR) 


/DS Fall to Read Data Req'd Valid 


5.0 




55 


ns 


[1,2,3] 


9 


ThDR(DS) 


Read Data to /DS Rise Hold Time 


5.0 







ns 


[2,3] 


10 


TdDS(A) 


/DS Rise to Address Active Delay 


5.0 


40 




ns 


[2,3] 


11 


TdDS(AS) 


/DS Rise to /AS Fall Delay 


5.0 


25 




ns 


[2,3] 


12 


TdR/W(AS) 


R//W Valid to /AS Rise Delay 


5.0 


20 




ns 


[2,3] 


13 


TdDS(RAV) 


/DS Rise to R//W Not Valid 


5.0 


25 




ns 


[2,3] 


14 


TdDW(DSW) 


Write Data Valid to /DS Fall (Write) Delay 


5.0 


20 




ns 


[2,3] 


15 


TdDS(DW) 


/DS Rise to Write Data Not Valid Delay 


5.0 


25 




ns 


[2, 3] 


16 


TdA(DR) 


Address Valid to Read Data Req'd Valid 


5.0 




180 


ns 


[1,2,3] 


17 


TdAS(OS) 


/AS Rise to /DS Fall Delay 


5.0 


35 




ns 


[2,3] 


18 


TdDI(DS) 


Data Input Setup to /DS Rise 


5.0 


50 




ns 


[1,2,3] 


19 


TdDM(AS) 


/DM Valid to /AS Fall Delay 


5.0 


20 




ns 


[2,3] 



Notes: 

[1 ] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. 
[4] 5.0V ±0.5V 



Standard Test Load 

All timing references use 0.9 V cc for a logic! and 0.1 for a logicO. 
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AC ELECTRICAL CHARACTERISTICS 

Additional Timing Diagram 



Clock 



IRQN 



&AU — -I l~© I— ®— ■ 



(z>H 



h- 



V 



Clock 
Setup 



© A 



Mode 
Recovery 
Source 



3£ 



K 



Figure 32. Additional Timing 
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AC ELECTRICAL CHARACTERISTICS 

Additional Timing Table 









Vcc 


T =0°Cto+70°C 






No 


Symbol 


Parameter 


Note [5] 


Min 


Max 


Units 


Notes 


1 


TpC 


Input Clock Period 


5.0V 


48.83 




ns 


[1] 


2 


TrC.TfC 


Clock Input Rise & Fall Times 


5.0V 




6 


ns 


[1] 


3 


TwC 


Input Clock Width 


5.0V 


16 




ns 


[1] 


4 


TwTinL 


Timer Input Low Width 


5.0V 


70 




ns 




5 


TwTinH 


Timer Input High Width 


5.0V 


3TpC 






[1] 


6 


TpTin 


Timer Input Period 


5.0V 


8TpC 






[1] 


7 


TrTin, TfTin 


Timer Input Rise & Fall Timer 


5.0V 




100 


ns 


[1] 


8A 


TwIL 


Int. Request Low Time 


5.0V 


1 u 




ns 


[1,2] 


8B 


TwIL 


Int. Request Low Time 


5.0V 


3TpC 






[1] 


9 


TwIH 


Int. Request Input High Time 


5.0V 


3TpC 






[1] 


10 


Twsm 


Stop-Mode Recovery Width Spec 


5.0V 


12 




ns 


[1] 










5TpC 








11 


Tost 


Oscillator Startup Time 


5.0V 


5TpC 






[3] 


12 


Twdt 


Watch-Dog Timer 


5.0V 


5 




ms 


D1 =0. D0 = 0[4] 








5.0V 


15 




ms 


D1 =0, DO = 1 [4] 








5.0V 


25 




ms 


D1=1,D0 = 0[4] 








5.0V 


100 




ms 


D1 = 1 , DO = 1 [4] 



Notes: 

[1] Timing Reference uses 0.9 V cc for a logid and 0.1 V cc for a logicO. 
[2] Interrupt request via Port 3 (P31 -P33). 
[3] SMR-D5 = O. 
[4] Reg. WDT. 
[5] 5.0V±0.5V 
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Handshake Timing Diagrams 



Data In 



/DAV 
(Input) 



RDY 
(Output) 



Data In Valid 



-®- 



Delayed DAV 



Next Data In Valid 



-©- 



L 



Delayed RDY 



Figure 33. Input Handshake Timing 



Data Out 



/DAV 
(Output) 



RDY 
(Input) 




Delayed RDY / 
It / 



Figure 34. Output Handshake Timing 
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AC ELECTRICAL CHARACTERISTICS 

Handshake Timing Table 











V 


0°Cto+70°C 




Data 


No 


Symbol 


Parameter 


Note[1] 


Min 


Max 


Units 


Direction 


1 


TsDI(DAV) 


Data In Setup Time 


5.0 V 







ns 


IN 


2 


ThDI(DAV) 


Data In Hold Time 


5.0 V 


115 




ns 


IN 


3 


TwDAV 


Data Available Width 


5.0 V 


110 




ns 


IN 


4 


TdDAVI(RDY) 


DAV Fall to RDY Fall Delay 


5.0 V 




115 


ns 


IN 


5 


TdDAVId(RDY) 


DAV Rise to RDY Rise Delay 


5.0 V 




80 


ns 


IN 


6 


TdDO(DAV) 


RDY Rise to DAV Fall Delay 


5.0 V 







ns 


IN 


7 


TcLDAVO(RDY) 


Data Out to DAV Fall Delay 


5.0 V 


25 




ns 


OUT 


8 


TcLDAVO(RDY) 


DAV Fall to RDY Fall Delay 


5.0 V 







ns 


OUT 


9 


TdRDYO(DAV) 


RDY Fall to DAV Rise Delay 


5.0 V 




115 


ns 


OUT 


10 


TwRDY 


RDY Width 


5.0 V 


80 




ns 


OUT 


11 


TdRDYOd(DAV) 


RDY Rise to DAV Fall Delay 


5.0 V 




80 


ns 


OUT 



Note: 

[1]5.0V±0.5V 
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Z8 EXPANDED REGISTER FILE REGISTERS 



Expanded Register Bank B 



Register 


Position 


Attrib. 


Value 


Description 


Outgoing Reg. 
to DSP EXTO 
(High Byte) (B)%00 


76543210 


R/W 




DSP EXTO, BitsD15-D8 


Outgoing Reg. 
to DSP EXTO 
(Low Byte) (B)%01 


76543210 


R/W 




DSP EXTO, Bits D7-D0 


Outgoing Reg. 
to DSP EXT1 
(High Byte) (B)%02 


76543210 


R/W 




DSP EXT1, Bits D15-D8 


Outgoing Reg. 
to DSP EXT1 
(Low Byte) (B)%03 


76543210 


R/W 




DSP EXT1 , Bits D7-D0 


Outgoing Reg. 
to DSP EXT2 
(High Byte) (B)%04 


76543210 


R/W 




DSPEXT2, BitsD15-D8 


Outgoing Reg. 
to DSP EXT2 
(Low Byte) (B)%05 


76543210 


R/W 




DSP EXT2, Bits D7-D0 


Outgoing Reg. 
to DSP EXT3 
(High Byte) (B)%06 


76543210 


R/W 




DSPEXT3, BitsD15-D8 


Outgoing Reg. 
to DSP EXT3 
(Low Byte) (B)%07 


76543210 


R/W 




DSP EXT3, Bits D7-D0 
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Z8 EXPANDED REGISTER FILE REGISTERS 



Expanded Register Bank B (Continued) 



Register 


Position 


Attrib. 


Value 


Description 


Incoming Reg. 
to DSP EXTO 
(High Byte) (B)%08 


76543210 


R 




DSP EXTO, BitsD15-D8 


Incoming Reg. 
to DSP EXTO 
(Low Byte) (B)%09 


76543210 


R 




DSP EXTO, Bits D7-D0 


Incoming Reg. 
to DSP EXT1 
(High Byte) (B)%0A 


76543210 


R 




DSP EXT1, Bits D15-D8 


Incoming Reg. 
to DSP EXT1 
(Low Byte) (B)%0B 


76543210 


R 




DSP EXT1 , Bits D7-D0 


Incoming Reg. 
to DSP EXT2 
(High Byte) (B)%OC 


76543210 


R 




DSP EXT2, BitsD15-D8 


Incoming Reg. 
to DSP EXT2 
(Low Byte) (B)%0D 


76543210 


R 




DSP EXT2, Bits D7-D0 


Incoming Reg. 
to DSP EXT3 
(High Byte) (B)%0E 


76543210 


R 




DSP EXT3, BitsD15-D8 


Incoming Reg. 
to DSP EXT3 
(Low Byte) (B)%0F 


76543210 


R 




DSP EXT3, Bits D7-D0 





P R E L 


1 M 1 N 




Z89121/Z89921 

16-Brr Mixed Signal Processor 


txpanueu riegisier DanK r 










Register 


Position 


Attrib. 


Value 


Description 


PCON (F)%00 


76543--- 
2 — 

1- 

o 


R 
R 
R 



1 


1 



1 


Reserved 

Port 1 Open-drain 

Port 1 Push-pull Active* 

Port Open-drain 

Port Push-pull Active* 

P34, P35 Standard Output* 

P34, P35 Comparator Output 


DSPCON (F)OCH 
Z8_SCLK 

DSP_Reset 

DSP_Run 


76 

__ 5 

- — 4 


R/W 

R 
W 

R/W 


00 
01 
1x 



1 



1 

XX 

1 



1 




2.5 MHz (OSC/8) 
5 MHz (OSC/4) 
10 MHZ (OSC/2) 
Return '0' 
No effect 
Reset DSP 
HalLDSP 


Reserved 
IntFeedback 


32 — 

1- 




R 
W 

R 

W 


Run_DSP 

Return '0' 
No effect 
FB_DSP_INT2 
Set DSPJNT2 
No effect 
FB_Z8_IRQ3 
Clear IRQ3 
No effect 


P4 (F)%02 


76543210 


R/W 


%NN 


Port 4 Data Register 


P4M (F)%03 


76543210 


R 


%FF 
W 


Returns %FF 

Defines P4X as Output 

1 Defines P4X as Input 


P5 (F)%04 


76543210 


R/W 


%NN 


Port 5 Data Register 


P5M (F)%05 


76543210 


R 


%FF 
W 


Returns %FF 

Defines P5X pin as Output 

1 Defines P5X pin as Input 


P45CON (F)%06 


765-321- 
---4 


W 
W 



1 

1 


Reserved 
Port 5 Open-drain 
Port 5 Push-pull Active* 
Port 4 Open-drain 
Port 4 Push-pull Active* 



Note: 

* Default setting after Reset 
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Z8 EXPANDED REGISTER FILE REGISTERS 

Expanded Register Bank F (Continued) 

Register Position Attrib. Value Description 

SMR (F)%0B 



7 


R 





POR* 






1 


Stop Recovery 


-6 


W 





Low Stop Recovery Level* 






1 


High Stop Recovery Level 


__5 


W 





Stop Delay On* 






1 


Stop Delay Off 


432-- 


W 




Stop-Mode Recovery Source 






UUU 


rUn unly 






001 


Reserved 






010 


P31 






011 


P32 






100 


P33 






101 


P27 






110 


P2 NOR 0-3 






111 


P2 NOR 0-7 


1- 






Reserved 


o 


W 





SCLK/TCLK Not Divide by 16+ 






1 


SCLK/TCLK Divide by 16 



765 






Reserved 


— -4 


R/W 





On-Board RC for WDT* 






1 


XTAL for WDT 




R/W 





WDT Off During STOP 






1 


WDT On During STOP* 


2 — 


R/W 





WDT Off During HALT 






1 


WDT On During HALT* 


10 


R/W 




Int RC Osc Ext Clock 






00 


5 ms 256 TpC 






01* 


15 ms 512 TpC 






10 


25 ms 1024 TpC 






11 


100 ms 4096 TpC 



Notes: 

" Default setting after Reset 

• Reset after Stop Mode Recovery 
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Z8 CONTROL REGISTERS 








Register 


Position 


Attrib. 


Value 


Description 


%F0 


76543210 






Reserved 


TMR %F1 


i i i i i -J 
l l l l l o\ 

1 1 1 1 Ul 1 

1 1 1 U) 1 1 
1 I to 1 1 1 

O 1 1 1 1 1 


RW 

RW 

R/W 
R/W 
R/W 
R/W 


00 
01 
10 

11 

00 
01 
10 

11 



1 



1 



1 



1 


T 0UT Modes 
Not Used 
TO Out 
T1 Out 

Internal Clock Out P36 
T IN Modes 

External Clock Input 
Gate Input 

Trigger Input (Non-Retriggerable) 
Trigger Input (Retriggerable) 
Disable T1 Count 
Enable T1 Count 
No Effect 
Load T1 

Disable TO Count 
Enable TO Count 
No Effect 
Load TO 


T1 %F2 


76543210 


R 
W 


%NN 
%NN 


T1 Current Value 
T1 Initial Value 


PRE1 %F3 


765432-- 
1- 


W 
W 

W 



1 



1 


Prescaler Modulo (1-64 Dec) 

T1 Clock Source 

External Timing Input (T IN ) Mode 

Internal Clock 

T1 Count Mode 

Single Pass 

Modulo N 


TO %F4 


76543210 


R 
W 


%NN 
%NN 


TO Current Value 
TO Initial Value 


PREO %F5 


765432-- 

o 


W 
W 



1 


Prescaler Modulo (1-64 Dec) 

Reserved 

TO Count Mode 

Single Pass 

Modulo N 


P2M %F6 


76543210 


W 



1 


Defines P2X pin as Output 
Defines P2X pin as Input 



4-57 
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Z8 CONTROL REGISTERS (Continued) 



Register Position 


Attrib. 


Value 


Description 


roM /or/ 








7 






Reserved 


-6 


W 





P30 = Input; P37 = Output 


--5 


w 


U 


P31 = Input (T |N ), P36 = Output (T 0UT ) 






1 


r-jo A /P\ A WO /□ r^\/0 . DOC DRVO / /I - "! A WO 

rol = /UAV^/nUY^; rob = HUYZ//L)AV^ 


43 


\A/ 

w 


00 


Pod = Input; P34 = Output 






U 1 


DOO | n _. .1. r>o A ir\KA 

Poo = Input, ro4 = /DM 






10 


doo tnm nod yntAA 

P33 = Input; Po4 = /DM 






11 


P33 = /DAV1/RDY1; P34 = RDY1//DAV1 


2 — 


w 





P32 = Input; P35 = Output* 






1 


P32 = /DAV0/RDY0; P35 = RDY0//DAV0 


1_ 


w 





P31, P32 Digital Mode 






1 


P31, P32 Analog Mode 





R/W 





Port 2 Open-drain* 






1 


Port 2 Push-pull Active 


d/-m l\ A 0/ no 

P01M %F8 






TOUT Modes 


76 


w 




P04-P07 Mode 






00 


Output 






Ul 


Inn it* 

input 






IX 


A 1 C A -1 O 


__5 


\A/ 

w 




External Memory Timing 









Normal* 






1 


Extended 


43 


w 




P10-P1 7 Mode 






00 


Byte Output 






01 


Byte Input* 






10 


AD7-AD0 






1 1 


uii^h "7 a r\~? Ann iac /r\c/ daa/ ah aq 
Mign-^. AU/-AUU, /Ao, /Uo/ n/W, A 1 1-Ao 








Ato-Ai^, it selected 


2 — 


w 




Stack Selection 









External 






1 


Internal* 


10 


w 




P00-P03 Mode 






00 


Output 






01 


Input* 






1x 


A11-A8 



Note: 

* Default setting after Reset. 
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Register Position Attrib. Value Description 



IPR %F9 76 Reserved 

__ 5 w IRQ3, IRQ5 Priority (Group A) 

IRQ5 > IRQ3 

1 IRQ3 > IRQ5 

1__ w IRQO, IRQ2 Priority (Group B) 

IRQ2 > IRQO 

1 IRQO > IRQ2 

2— W IRQ1, IRQ4 Priority (Group C) 

IRQ1 > IRQ4 

1 IRQ4 > IRQ1 

43--0 W Interrupt Group Priority 



000 Reserved 

001 C>A>B 

010 A>B>C 

011 A>C>B 

100 B>C>A 

101 C>B>A 

110 B>A>C 

1 1 1 Reserved 



Inter Edge (R = Rising edge; F = Falling edge) 

00 P31 = F; P32 = F 

01 P31 = F; P32 = R 

10 P31=R;P32 = F 

11 P31 = RF; P32 = RF 
IRQ5 = T1 

IRQ4 = TO 
IRQ3 = DSP 
IRQ2 = P31 Input 
IRQ1 = P33 Input 
IRQO = P32 Input 



IMR %FB 




R/W 





Disables Interrupts 








1 


Enables Interrupts 




-6 


RW 





Disables RAM Protect 








1 


Enables RAM Protect 




--543210 


R/W 





Disables IRQ5-IRQ0 (DO = IRQO) 








1 


Enables IRQ5-IRQ0 


Flags %FC 


7 


R/W 




Carry Flag 




-6 


R/W 




Zero Flag 






R/W 




Sign Flag 




- — 4 


R/W 




Overflow Flag 






R/W 




Decimal Adjust Flag 






R/W 




Half Carry Flag 




1- 


R/W 




User Flag F2 







R/W 




User Flag F1 


RP %FD 


7654 


R/W 


%N0 


Working Register Group 




3210 


R/W 


%0N 


Expanded Register File Bank 


SPH %FE 


76543210 


R/W 


%NN 


Stack Pointer Upper Byte 


SPL %FF 


76543210 


R/W 


%NN 


Stack Pointer Lower Byte 



IRQ %FA 7 6 R/W 



--543210 R/W 



PRELIMINARY 



Z89121/Z89921 
16-Brr Mixed Signal Processor 



Z8 INSTRUCTION SET NOTATION 



Addressing Modes. The following notation is used to Flags. Control register (R252) contains the following six 
describe the addressing modes and instruction opera- flags: 

tions as shown in the instruction summary. 







Symbol 


Meaning 


Symbol 


Meaning 


C 


Carry flag 


IRR 


Indirect register pair or indirect working- 


z 


Zero flag 




register pair address 


s 


Sign flag 


Irr 


Indirect working-register pair only 


V 


Overflow flag 


X 


Indexed address 


D 


Decimal-adjust flag 


DA 


Direct address 


H 


Half-carry flag 


RA 


Relative address 






IM 


Immediate 


Affected fla 


gs are indicated by: 


R 


Register or working-register address 






r 


Working-register address only 





Clear to zero 


IR 


Indirect-register or indirect 


1 


Set to one 




working-register address 


* 


Set to clear according to operation 


Ir 


Indirect working-register address only 


- 


Unaffected 


RR 


Register pair or working register pair 


x 


Undefined 




address 






Symbols. The following symbols are used in describing 






the instruction i 


set. 






Symbol 


Meaning 






dst 


Destination location or contents 






src 


Source location or contents 






cc 


Condition code 






@ 


Indirect address prefix 






SP 


Stack Pointer 






PC 


Program Counter 






FLAGS 


Flag register (Control Register 252) 






RP 


Register Pointer (R253) 






IMF) 


Interrupt mask register (R251) 
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CONDITION CODES 


ValllG 


Mnomnnip 

IVIIldllUllllr 


Mafininn 

ivitsdiiiny 


Plane Qat 

nags oei 


1000 
0111 

1111 

0110 

I I IU 


c 

NC 

z 

INZ. 


Always True 
Carry 
No Carry 
Zero 
inoi z.ero 


C= 1 

c = o 

Z= 1 

~7 — n 
z. = u 


1101 
0101 
0100 
1100 


PL 
Ml 
OV 
NOV 

cn 

tu 


Plus 
Minus 
Overflow 
No Overflow 
Equal 


s = o 

S= 1 
V= 1 

v = o 

~7 — 1 


1110 
1001 
0001 
1010 
0010 


NE 
GE 
LT 
GT 
LE 


Not Equal 

Greater Than or Equal 
Less than 
Greater Than 
Less Than or Equal 


z = o 

(S XOR V) = 

(S XOR V) = 1 

[Z OR (S XOR V)] = 

[Z OR (S XOR V)] = 1 


1111 

0111 
1011 
0011 
0000 


UGE 
ULT 
UGT 
ULE 


Unsigned Greater Than or Equal 
Unsigned Less Than 
Unsigned Greater Than 
Unsigned Less Than or Equal 
Never True 


C = 
C= 1 

(C = AND Z = 0) = 1 
(C OR Z) = 1 



4 



— 



<5> 
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INSTRUCTION FORMATS 



OPC CCF, Dl, El, IRET, NOP, 

1 1 RCF, RET, SCF 



dst | OPC | 

One-Byte Instructions 



OPC 



dst 



OR | 11 1 | dsT"1 



JP. CALL (Indirect) 



OPC 



VALUE 



dst/src OPC 



OR | 1 11 | src~H 



dst OPC 



dst/CC OPC 



RA 



6FH 7FH 



DJNZ, JR 



STOP/HALT 



OPC 


MODE 


CLR, CPL, DA, DEC, 


OPC 


MODE 








dst/src 


™ I ■, , , r, l~7T, 1 DbCW, INC, INCW, 

OR | 1110 | dst/src | pnp PI1SH Rl nir 


SIC 


OR 


1110 


src 




RR, RRC, SRA, SWAP 


dst 


OR 


1110 


dst 



OPC | mode" 



™ I , , , „ I 7~, — I LD, OR, SBC, S 

OR I 1 1 1 I dsl I TCM.TM.XOR 



ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 



ADC, ADD, AND, CP, 
SUB, 







MODE | OPC 








OPC 


MODE 


ADC, ADD, AND, CP, 


src 


OR 


1110 


src 


dst 


src 


OR, SBC, SUB, TCM, 
TM, XOR 


dst 


OR 


1110 


dst 



MODE 


OPC 


LD, LDE, LDEI, 


MODE 


OPC 


dst/src 


src/dst 


LDC, LDCI 


dst/src 


X 






ADDRESS 



DAL 



JP 



CALL 



Two-Byte Instructions 



Three-Byte Instructions 



INSTRUCTION SUMMARY 



Note: Assignment of a value is indicated by the symbol notation "addr (n)" is used to refer to bit (n) of a given 
" <- ". For example: operand location. For example: 



dst <- dst + src 



dst (7) 



indicates that the source data is added to the destination refers to bit 7 of the destination operand, 
data and the result is stored in the destination location. The 



77 2 



PRELIMINARY 



Z89121/Z89921 
16-Bit Mixed Signal Processor 



INSTRUCTION SUMMARY (Continued) 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 

and Operation dst src Byte (Hex) C Z S V D H and Operation dst src Byte (Hex) C Z S V D H 



ARr^ Hot o rr~ 
MUU Uol, olO 


T 


1 r l 
it J 


*f 


'T* 


n* 


^ o ^ 


INf* rtet 

M'iW Uol 


j> 








* 


* - - 


Hot.* Hot j. orr* 

UbLt — Uol t blO 














Hot* Hct 4- 1 

UOLt Uol T I 


R 




r = - F 
20 








ADD dst, src 


4. 

T 


01 J 


•I- 




•if 


¥ U ¥ 




IP 

In 




£ I 








dst^dst + src 










































INCW dst 


RR 




AO 


- * 


* 


* - - 


AND dst, src 


t 


5[ ] 




* 




- - 


dst<— dst + 1 


IR 




A1 








dsw— ast and src 








































IRET 






BF 




* 


* * * 


CALL dst 


DA 


D6 


- 








FI_AGS<-@SP; 














on, CD o 


nn 

Inn 












qp.cp , 1 
or<-or + I 














@SP<-PC, 














PC<-@SP; 














PC<-dst 














CD* CD i O. 

or<— or + i.\ 














CCF 




EF 


* 






















C«-NOT C 














JP cc, dst 

II UU lb HUc 


DA 




cD 

c = - F 








CLR dst 


R 


BO 










PCf-dst 


IRR 




30 








dst<-0 


IR 


B1 






































ID r*r* Hot 
dn CO, Obi 






nP. 








COM dst 


R 


60 


- 


* 




- - 


if cc is true, 






c = 0-F 








dst<-NOT dst 


IR 


61 










PC<-PC + dst 
nange. + , 














CP dst, src 


t 


A[ ] 


* 


* 




* - - 


-128 














dst - src 










































LD dst, src 


r 


lm 


TO 








DA dst 


R 


40 


* 






X - - 


dst<-src 


r 


R 


r8 








dst«-DA dst 


IR 


41 












R 


r 


r9 

r = - F 








PIC/* Ar.\ 

UbU ost 


D 

n 


nn 




m 


•t- 


- 




r 


Y 
A 










dst<-dst - 1 


IR 


01 












X 


r 

Ir 


D7 

CO 








DECW dst 


RR 


80 




* 


* 


* - - 




Ir 


r 


F3 








dst«-dst - 1 


IR 


81 












R 
R 


R 
IR 


E4 
E5 








Dl 




8F 








- - . 




R 


m 


E6 








IMR(7)<-0 
















IR 
IR 


IM 
R 


E7 
F5 








DJNZr, dst 


RA 


rA 
























r<— r - 1 




r = 0-F 










LDC dst, src 


r 


Irr 


C2 








if r*0 




























PC<-PC + dst 














LDCI dst, src 


Ir 


Irr 


C3 









Range: +127, dst<-src 
-128 r<-r+1; 
rr<-rr + 1 



El 


9F ------ 


IMR(7)«-1 




HALT 


7F 
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INSTRUCTION SUMMARY (Continued) 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 

and Operation dst src Byte (Hex) C Z S V D H and Operation dst src Byte (Hex) C Z S V D H 

NOP FF - STOP 6F 



OR dst, src t 4[ ] 

dsk-dst OR src 



* * 



POP dst 

dst<-@SP; 
SP<-SP + 1 



R 
IR 



50 
51 



PUSH src 

SP«-SP-1; 
@SP<-src 



R 
IR 



70 
71 



RCF 

C<-0 



RET 

PC<-@SP; 
SP^SP + 2 



RL dst 



R 



RRdst 
LfF| L f 7 | J 



SBC dst, src t 
dst<-dst<-src<-C 



SCF 

C«-1 



SRA dst R 

IR 



CF 



AF 



90 
91 



RLCdst R 10 



EO 
E1 



RRC dst R CO 



3[ ] 



DF 



SRP src 

RP<-src 



DO 
D1 



Im 31 



* * # * 



* * * * 



* * * * - 



* * * * 



* * * * 1 * 



* * * 



SUB dst, src 
dst<-dst«-src 



2[ ] 



* * * * 1 * 



SWAP dst 



i 7 | 4 i 3 ^ D 



R 
IR 



FO 
F1 



X * * X - - 



TCM dst, src 
(NOT dst) 
AND src 


t 


6[ ] - * * - - 


TM dst, src 
dst AND src 


t 


7[ ] - * * - - 


XOR dst, src 
dst<-dst 
XOR src 


t 


B[ ] - * * - - 


t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 
in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 


For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 


Address Mode 
dst src 




Lower 
Opcode Nibble 


r r 




[2] 


r Ir 




[3] 


R R 




[4] 


R IR 




[5] 


R IM 




[6] 


IR IM 




[7] 
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OPCODE MAP 



Lower Nibble (Hex) 








1 


2 


3 


4 


5 


6 


7 


S 


9 


A 


B 


C 


D 


E 




6.5 


6.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 


6.5 


6.5 


12/10.5 


12/10.0 


6.5 


12.10.0 


6.5 





DEC 


DEC 


ADD 


ADD 


ADD 


ADD 


ADD 


ADD 


LD 


LD 


DJNZ 


JR 


LD 


JP 


INC 




R1 


IR1 


rl, r2 


r1, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 




R2 


r 2 


R1 




RA 




RA 




IM 


cc 


DA 








6.5 


6.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 






























1 


RLC 


RLC 


ADC 


ADC 


ADC 


ADC 


ADC 


ADC 
































R1 


IR1 


r1, r2 


r1, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 
































6.5 


6.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 






























2 


INC 


INC 


SUB 


SUB 


SUB 


SUB 


SUB 


SUB 
































R1 


IR1 


r1, r2 


r1, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 
































8.0 


6.1 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 






























3 


JP 


SRP 


SBC 


SBC 


SBC 


SBC 


SBC 


SBC 
































IRR1 


IM 


r1, r2 


r1, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 
































8.5 


8.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 






























4 


DA 


DA 


OR 


OR 


OR 


OR 


OR 


OR 
































R1 


IR1 


r1, r2 


rl, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IRI, IM 
































10.5 


10.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 






























5 


POP 


POP 


AND 


AND 


AND 


AND 


AND 


AND 
































R1 


IR1 


r1, r2 


rl, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 
































6.5 


6.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 






























6 


COM 


COM 


TCM 


TCM 


TCM 


TCM 


TCM 


TCM 
































R1 


IR1 


rl, r2 


r1, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 
































10/12.1 


12/14.1 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 






























7 


PUSH 


PUSH 


TM 


TM 


TM 


TM 


TM 


TM 
































R2 


IR2 


r1, r2 


r|, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 
































10.5 


10.5 


12.0 


18.0 






































8 


DECW 


DECW 


LDE 


LDEI 








































RR1 


IR1 


r1, Irr2 


in, Irr2 








































6.5 


6.5 


12.0 


18.0 






































9 


RL 


RL 


LDE 


LDEI 








































R1 


IR1 


r2, Irr1 


Ir2, Irr1 








































10.5 


10.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 






























A 


INCW 


INCW 


CP 


CP 


CP 


CP 


CP 


CP 
































RR1 


IR1 


r1, r2 


rl, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 
































6.5 


6.5 


6.5 


6.5 


10.5 


10.5 


10.5 


10.5 






























B 


CLR 


CLR 


XOR 


XOR 


XOR 


XOR 


XOR 


XOR 
































R1 


IR1 


r1, r2 


rl, Ir2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 
































6.5 


6.5 


12.0 


18.0 








10.5 






























C 


RRC 


RRC 


LDC 


LDCI 








LD 
































R1 


IR1 


r1, Irr2 


I rl . Irr2 








r1,x,R2 
































6.5 


6.5 


12.0 


18.0 


20.0 




20.0 


10.5 






























D 


SRA 


SRA 


LDC 


LDCI 


CALL* 




CALL 


LD 
































R1 


IR1 


r2, Irr1 


Ir2, Irrl 


IRR1 




DA 


r2,x,R1 
































6.5 


6.5 




6.5 


10.5 


10.5 


10.5 


10.5 






























E 


RR 


RR 




LD 


LD 


LD 


LD 


LD 
































R1 


IR1 




rl, IR2 


R2, R1 


IR2, R1 


R1, IM 


IR1, IM 
































8.5 


8.5 




6.5 




10.5 


































F 


SWAP 


SWAP 




LD 




LD 




































R1 


IR1 




Iri, r2 




R2, IR1 






T 


! 


T 


! 


f 


T 


T 



6.0 
WDT 



6.0 
STOP 



7.0 
HALT 



6.1 
Dl 



14.0 
RET 



16.0 
IRET 



6.5 
RCF 



6.5 
SCF 



6.5 
CCF 



6.0 
NOP 



2 



Bytes per Instruction 



Lower 
Opcode 
Nibble 

Execution 

Cycles^ I 
4 



Upper 
Opcode ■ 
Nibble 




Pipeline! 
Cycles 



Mnemonic 



Legend: 

R - 8-bit address 
r = 4-bit address 
R^or r 2 = Dst address 
Rl or r 2 = Src address 

Sequence: 

Opcode, First Operand, 
Second Operand 

Note: Blank areas not defined. 



First ' 
Operand 



Second 
Operand 



* 2-byte instruction appears as s 
3-byte instruction 



t Refer to page 1 6 for pipeline instructions. 
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PACKAGE INFORMATION 








NOTES' 

1. CONTROLLING DIMENSIONS i INCH 

2. LEADS ARE CQPLANAR WITHIN .004 IN. 

3. 1 



SYMBOL 


MILLIMETER 


INCH 


MIN 


MAX 


MIN 


MAX 


A 


4.32 


4.57 


.170 


.180 


AI 


2.67 


2.92 


.105 


.115 


D/E 


30.10 


30.35 


1.185 


1 195 


Dl/El 


29.21 


29.41 


1.150 


1.158 


02 


27.94 


28.58 


1.100 


1.125 


o 


1.27 TYP 


050 TYP 



84-Pin PLCC Package Diagram 



—* 
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ORDERING INFORMATION 



Z89121 



Z89921 



20 MHz 
84-Pin PLCC 

Z8912120VSC 



20 MHz 
84-Pin PLCC 

Z8992120VSC 



Codes 

Speed 

20 = 20.48MHz 
Package 

V = Plastic Leaded Chip Carrier (PLCC) 

Temperature 

S = 0°C to + 70°C 

Environment 

C = Plastic Standard 

Example: 

Z 89121 20 V S C is a Z89121, 20.48 MHz, PLCC, 0°C to +70°C, Plastic Standard Flow 



L 



Environmental Flow 
Temperature 
Package 
Speed 

Product Number 
Zilog Prefix 
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FEATURES 

■ 16-Bit Single Cycle Instructions 

■ Zero Overhead Hardware Looping 

■ 16-Bit Data 

■ Ready Control for Slow Peripherals 

■ Single Cycle Multiply/Accumulate (100 ns) 

■ Six-Level Stack 

■ 512 Words of On-Chip RAM 



16-Bit I/O Port 

4K Words of On-Chip Masked ROM 

Three Vectored Interrupts 

Two Conditional Branch Inputs/Two User Outputs 

24-bit ALU, Accumulator and Shifter 

IBM® PC Development Tools 

Cost Effective 40-pin DIP Package 



GENERAL DESCRIPTION 

The Z89320 is a second generation, 16-bit, fractional, 
two's complement CMOS Digital Signal Processor (DSP). 
Most instructions, including multiply and accumulate, are 
accomplished in a single clock cycle, The processor 
contains 1 Kbyte of on-chip data RAM (two blocks of 256 
16-bit words), 4K words of program ROM. Also, the 
processor features a 24-bit ALU, a 16 x 16 multiplier, a 
24-bit Accumulator and ashifter. Additionally, the processor 
contains a six-level stack, three vectored interrupts and 
two inputs for conditional program jumps. Each RAM block 
contains a set of three pointers which may be incremented 
or decremented automatically to affect hardware looping 
without software overhead. The data RAMs can be 
simultaneously addressed and loaded to the multiplier for 
a true single cycle multiply. 

The device includes a 16-bit I/O bus for transferring data 
or for mapping peripherals into the processor address 
space. Additionally, there are two general purpose user 



inputs and two user outputs. Operation with slow peripherals 
is accomplished with a ready input pin. 

Development tools for the IBM PC include a relocatable 
assembler, a linker loader, and an ANSI-C compiler. Also, 
the development tools include a simulator/debugger, a 
cross assembler for the TMS320 family assembly code 
and a hardware emulator. 

Notes: 

All Signals with a preceding front slash, "/", are active Low, e.g., 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 



Connection 


Circuit 


Device 


Power 


Vcc 




Ground 


GND 


V ss 
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GENERAL DESCRIPTION (Continued) 



Register 
Pointer 
0-2 



256 Word 
RAM 




256 Word 
RAM 

1 



16-Bit Bus 



rr 



© 








16x16 






Multiplier 






24-bit ® 





24-Bit Bus 



.'24 



PBus 



j MUX | | Shrrter | 



© ©I 

ALU 



ACC 



Register 
Pointer 
4-6 



Instruction 



D Bus 



Switch 



Stack 



Status 
(5) 



PC 



4K 
Word 
ROM 



Ready 



16-bit 
I/O 
Port 



16 



EXTO-15 



— RDYE. ER//W, 
El 

3 

EAO-2 



Interrupt 



-7* — INTO-2 
/RESET 



User 
Port 



UIO-1 
UOO-1 



Figure 1 . Functional Block Diagram 
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PIN DESCRIPTION 



EXT12 


I — 


1 




40 


J 


VSS 


EXT13 


c 


2 




39 


— 1 

H 


EXT2 


EXT14 


r— 

L 


3 




38 


J 


EXT1 


VSS 


i — 

L 


4 




37 




EXTO 


EXT15 


L 


5 




36 


—I 

J 


VSS 


EXT3 


L 


6 




35 


3 


NC 


EXT4 


L 


7 




34 


J 


U01 


VSS 


L 


8 




33 


J 


UOO 


EXT5 


L 


9 




32 




INTO 


EXT6 
EXT7 


i — 
t— 

L 


10 
11 


Z89320 


31 
ou 


— 1 

J 


HALT 
CK 


EXT8 


l — 

L 


12 




29 


—1 

J 


El 


EXT9 


1 — 

L 


13 




28 


J 


VDD 


VSS 


1 — 

L 


14 




27 


— 1 

J 


EA2 


EXT10 


i — 

c 


15 




26 


I] 


EA1 


EXT11 


C 


16 




25 


n 


EAO 


INT2 


L 






24 


: 


/RES 


INT1 


L 


18 




23 


n 


/RDYE 


UI1 


L 


19 




22 




ER//W 


UIO 


C 


20 




21 


n 


VDD 



Figure 2. 40-Pin DIP Pin Assignments 
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PIN DESCRIPTION (Continued) 

Table 1. 40-Pin DIP Pin Identification 



No. 


Symbol 


Function 


Direction 


1-3 


EXT12-EXT14 


External data bus 


Input/Output 


4 




Ground 


Input 


5 


EXT 15 


External data bus 


Input/Output 


6-7 


EXT3-EXT4 


External data bus 


Input/Output 


o 
o 


y 


rni inH 


. 

input 


9-13 


EXT5-EXT9 


External data bus 


Input/Output 


14 


V ss 


Ground 


Input 


15-16 


EXT10-EXT1 1 


External data bus 


Input/Output 


i / 


I NT? 
iin i c. 


II ILcl 1 UUI 


. 

input 




IMT1 

llN I I 


mierrupi 


Input 


1Q 


I 111 
\J I I 


l kpr inni it 


I nni it 

II ipul 




I nn 

UIU 


User input 


Input 


91 


\/ 

DD 


rower ouppiy 


Input 


22 


ER//W 


R/W for external bus 


Output 


23 


/RDYE 


Data ready 


Input 


24 


/RES 


Reset 


Input 


25-27 


EA0-EA2 


External address bus 


Output 


28 


V 

DD 


Power Supply 


Input 


29 


El 


Data strobe for external bus 


Output 


30 


CK 


Clock 


Input 


31 


HALT 


Stop execution 


Input 


32 


INTO 


Interrupt 


Input 


33-34 


UO0-UO1 


User output 


Output 


35 


NC 


No Connection 




36 


^SS 


Ground 


Input 


37-39 


EXT0-EXT2 


External data bus 


Input/Output 


40 


ss 


Ground 


Input 



5-4 
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o p 

o o o t 

Z D 3 S 



* _ 

O 111 



§ S! < 





f 

D 


c A r> o 1 A A A1 AO A-i 
H $ £. \ c * c * U "t 1 


> 

40 




VSS [ 


7 




oy 


1 c An 
J tMU 


CA I U [ 


Q 










EXT1 [ 


g 




37 


] /RDYE 


CYTO r 
CA I c. [ 


I u 




JO 


] ER//W 


VSS [ 


11 


Z89320 


35 


] VDD 


N/C[ 


12 


PLCC 


34 


] NC 


EXT12 [ 


13 




33 


] UIO 


EXT13 [ 


14 




32 


] UI1 


EXT14 [ 


15 




31 


] INT1 


VSS [ 


16 




30 


] INT2 


EXT15 [ 


17 




29 


] EXT11 






19 20 21 22 23 24 25 26 27 








s 18 




28 / 





p 2 p 

LU LU LU 



o 
z 



CO p) to o 



Figure 3. 44-Pin PLCC Pin Assignments (Standard Mode) 
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PIN DESCRIPTION (Continued) 



Table 2. 44-Pin PLCC Pin Identification 



No. 


Symbol 


Function 


Direction 


1 


HALT 


Stop execution 


Input 


2 


NC 


No Connection 




3 


INTO 


Interrupt 


Input 


4-5 


UO0-UO1 


User output 


Output 


6 


NC 


No Connection 




7 


V ss 


Ground 


Input 


8-10 


EXT0-EXT2 


External data bus 


Input/Output 


11 


V ss 


Ground 


Input 


12 


NC 


No Connection 




13-15 


EXT12-EXT14 


External data bus 


Input/Output 


16 


Vss 


Ground 


Input 


17 


EXT 15 


External data bus 


Input/Output 


18-19 


EXT3-EXT4 


External data bus 


Input/Output 


20 


Vss 


Ground 


Input 


21-23 


EXT5-EXT7 


External data bus 


Input/Output 


24 


NC 


No Connection 




25-26 


EXT8-EXT9 


External Data Bus 


Input/Output 


27 


Vss 


Ground 


Input 


28-29 


EXT10-EXT1 1 


External data bus 


Input/Output 


30 


INT2 


Interrupt 


Input 


31 


INT1 


Interrupt 


Input 


32 


UI1 


User input 


Input 


33 


UIO 


User input 


Input 


34 


NC 


No Connection 




35 


v DD 


Power Supply 


Input 


36 


ER//W 


R/W for external bus 


Output 


37 


/RDYE 


Data ready 


Input 


38 


/RES 


Reset 


Input 


39-41 


EA0-EA2 


External address bus 


Output 


42 


Vdd 


Power Supply 


Input 


43 


El 


Data strobe for external bus 


Output 


44 


CK 


Clock 


Input 
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PIN FUNCTIONS 

CK Clock (input). External clock. 

EXT15-EXT0 External Data Bus (input/output). Data bus 
for user defined outside registers such as an ADC or DAC. 
The pins are normally in output mode except when the 
outside registers are specified as source registers in the 
instructions. All the control signals exist to allow a read or 
a write through this bus. 

ER//W External Bus Direction (output). Data direction 
signal for EXT-Bus. Data is available from the CPU on 
EXT15-EXT0 when this signal is Low. EXT-Bus is in input 
mode (high-impedance) when this signal is High. 

EA2-EA0 External Address(outpu\). User-defined register 
address output. Oneofeightuser-defined external registers 
is selected by the processor with these address pins for 
read or write operations. Since the addresses are part of 
the processor memory map, the processor is simply 
executing internal reads and writes. 

El Enable Input (output). Read/Write timing signal for EXT- 
Bus. User defined register or the processor can put data 
on the EXT-Bus during a Low state. Data is read by the 
external peripheral on the rising edge of El. Data is read by 
the processor on the rising edge of CK not El. 

HALT Halt State (input). Stop Execution Control. The CPU 
continuously executes NOPs and the program counter 
remains at the same value when this pin is held High. This 
signal must be synchronized with CK. 



INT2-INT0 Three Interrupts (input, active Low). Interrupt 
request 2-0. Interrupts are generated on the rising edge of 
the input signal. Interrupt vectors for the interrupt service 
starting address are stored in the program memory locations 
OFFFH for INTO, OFFEH for INT1 , and OFFDH for INT2. 
Priority is : INT2 = lowest, INTO = highest. 

/RES Resef(input, active Low). Asynchronous reset signal. 
A Low level on this pin generates an internal reset signal. 
The /RES signal must be kept Low for at least one clock 
cycle. The CPU fetches a new Program Counter (PC) value 
from program memory address OFFCH after the reset 
signal is released. 

/RDYE Data Ready (input). User-supplied Data Ready 
signal for data to and from external data bus. This pin 
stretches the El and ER//W lines and maintains data on the 
address bus and data bus. The ready signal is sampled at 
the rising edge of the clock with appropriate setup and 
hold times. The normal write cycle will continue from the 
next rising clock only if ready is active (High state). 

UI1-UI0 Two Input Pins (input). General purpose input 
pins. These input pins are directly tested by the conditional 
branch instructions. These are asynchronous input signals 
that have no special clock synchronization requirements. 

UO1-UO0 Two Output Pins (output). General purpose 
output pins. Their value is determined by the status register 
bits S5 and S6. If a one is loaded into S5 or S6, a Low output 
appears at the respective pin. If a zero is used, a High 
output appears. 



ADDRESS SPACE 

Program Memory. Programs of up to 4K words can be 
masked into internal ROM. Four locations are dedicated to 
the vector address for the three interrupts (0FFDH-0FFFH) 
and the starting address following a Reset (OFFCH). Internal 
ROM is mapped from 0000H to OFFFH, and the highest 
location for program is OFFBH. 

Internal Data RAM. The Z89320 has an internal 51 2 x 16- 
bit word data RAM organized as two banks of 256 x 1 6-bit 
words each, referred to as RAMO and RAMI . Each data 
RAM bank is addressed by three pointers, referred 
to as Pn:0 (n=0-2) for RAMO and Pn:1 (n=0-2) for RAMI . 
The RAM addresses for RAMO and RAMI are arranged 
from 0-255 and 256-51 1 respectively. The address pointers, 
which may be written to or read from, are 8-bit registers 
connected to the lower byte of the internal 16-bit D-Bus 
and are used to perform no overhead looping. Three 



addressing modes are available to access the Data RAM: 
register indirect, direct addressing, and short form direct. 
These modes are discussed in detail later. The contents of 
the RAM can be read or written in one machine cycle per 
word without disturbing any internal registers or status 
other than the RAM address pointer used for each RAM. 
The contents of each RAM can be loaded simultaneously 
into the X and Y inputs of the multiplier. 

Registers. The Z89320 has 12 internal registers and up to 
an additional eight external registers. The external registers 
are user definable for peripherals such as A/D or D/A or to 
DMA or other addressing peripherals. External registers 
are accessed in one machine cycle the same as internal 
registers. 
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FUNCTIONAL DESCRIPTION 

General. The Z89320 is a high-performance Digital Signal 
Processor with a modified Harvard-type architecture with 
separate program and data memory. The design has been 
optimized for processing power and minimizing silicon 
space. 

Instruction Timing. Many instructions are executed in one 
machine cycle. Long immediate instructions and Jump or 
Call instructions are executed in two machine cycles. 
When the program memory is referenced in internal RAM 
indirect mode, it takes three machine cycles. In addition, 
one more machine cycle is required if the PC is selected as 
the destination of a data transfer instruction. This only 
happens in the case of a register indirect branch instruction. 

An Acc + P => Acc; a(i) * b(j) -» P calculation and 
modification of the RAM pointers, is done in one machine 
cycle. Both operands, a(i) and b(j), can be located in two 
independent RAM (0 and 1) addresses. 

Multiply/Accumulate. The multiplier can perform a 1 6-bit 
x 16-bit multiply or multiply accumulate in one machine 
cycle using the Accumulator and/or both the X and Y 
inputs. The multiplier produces a 32-bit result, however, 
only the 24 most significant bits are saved for the next 
instruction or accumulation. For operations on very small 
numbers where the least significant bits are important, the 
data should first be scaled by eight bits (or the multiplier 
and multiplicand by four bits each) to avoid truncation 
errors. Note that all inputs to the multiplier should be 
fractional two's complement 16-bit binary numbers. This 
puts them in the range [-1 to 0.9999695], and the result is 
in 24 bits so that the range is [-1 to 0.9999999]. In addition, 
if 8000H is loaded into both X and Y registers, the resulting 
multiplication is considered an illegal operation as an 
overflow would result. Positive one cannot be represented 
in fractional notation, and the multiplier will actually yield 
the result 8000H x 8000H = 8000H (-1 x -1 = -1). 



ALU. The 24-bit ALU has two input ports, one of which is 
connected to the output of the 24-bit Accumulator. The 
other input is connected to the 24-bit P-Bus, the upper 
1 6 bits of which are connected to the 1 6-bit D-Bus. A shifter 
between the P-Bus and the ALU input port can shift the 
data by three bits right, one bit right, one bit left or no shift. 

Hardware Stack. A six-level hardware stack is connected 
to the D-Bus to hold subroutine return addresses or data. 
The Call instruction pushes PC+2 onto the stack. The RET 
instruction pops the contents of the stack to the PC. 

User Inputs. The Z89320 has two inputs, UIO and UI1, 
which may be used by Jump and Call instructions. The 
Jump or Call tests one of these pins and if appropriate, 
jumps to a new location. Otherwise, the instruction behaves 
like a NOP. These inputs are also connected to the status 
register bits S10 and S11 which may be read by the 
appropriate instruction (Figure 4). 

User Outputs. The status register bits S5 and S6 are 
connected to UO0 and U01 pins and may be written to by 
the appropriate instruction. The status bits are inverted 
prior to being output to the external pin. 

Interrupts. The Z89320 has three positive edge-triggered 
interrupt inputs. An interrupt is acknowledged at the end of 
any instruction execution. It takes two machine cycles to 
enter an interrupt instruction sequence. The PC is pushed 
onto the stack. A RET instruction transfers the contents of 
the stack to the PC and decrements the stack pointer by 
one word. The priority of the interrupts is INTO = highest, 
INT2 = lowest. 

Registers. The Z89320 has 12 physical internal regis- 
ters and up to eight user-defined external registers. The 
EA2-EA0 determines the address of the external registers. 
The /El , /RDYE, and ER//W signals are used to read or write 
from the external registers. 



5-8 



<£ZiLQS 



PRELIMINARY 



Z89320 

1 6-Bit Digital Signal Processor 



REGISTERS 



There are 12 internal registers which are defined below: 



Register 


Register Definition 


P 


Output of Multiplier, 24-Bit 


X 


X Multiplier Input, 16-Bit 


Y 


Y Multiplier Input, 16-Bit 


A 


Accumulator, 24-Bit 


SR 
Pn:b 
PC 


Status Register, 16-Bit 

Six Ram Address Pointers, 8-Bit Each 

Program Counter, 16-Bit 



The following are virtual registers as physical RAM does 
not exist on the chip. 

EXTn External registers, 16-bit 

BUS D-Bus 

Dn:b Eight Data Pointers 

P holds the result of multiplications and is read-only. 

X and Y are two 16-bit input registers for the multiplier. 
These registers can be utilized as temporary registers 
when the multiplier is not being used. Since the multiplier 
provides a flow through process, any data placed in the X 
or Y register automatically invokes a multiplication. 

A is a 24-bit Accumulator. The output of the ALU is sent to 
this register. When 16-bit data is transferred into this 
register, it goes into the 1 6 MSB's and the least significant 



eight bits are set to zero. Only the upper 16 bits are 
transferred to the destination register when the Accumulator 
is selected as a source register in transfer instructions. 

Pn:b are the pointer registers for accessing data RAM, 
(n=0, 1 ,2 refer to the pointer number) (b=0, 1 refers to RAM 
Bank or 1). They can be directly read from or written to, 
and can point to locations in data RAM or Program Memory. 

EXTn are external registers (n=0 to 7). There are eight 
1 6-bit registers here for mapping external devices into the 
address space of the processor. Note that the actual 
register RAM does not exist on the chip, but would exist as 
part of the external device such as an ADC result latch. 

bus is a read-only register which, when accessed, returns 
the contents of the D-Bus. 

Dn:b refer to possible locations in RAM that can be used 
as a pointer to locations in program memory. The 
programmer decides which location to choose from two 
bits in the status register and two bits in the operand. Thus, 
only the lower 16 possible locations in RAM can be 
specified. At any one time there are eight usable pointers, 
four per bank, and the four pointers are in consecutive 
locations in RAM. For example, if S3/S4 = 01 in the status 
register, then D0:0/D1 :0/D2:0/D3:0 refer to locations 
4/5/6/7 in RAM Bank 0. Note that when the data pointers 
are being written to, a number is actually being loaded to 
Data RAM, so they can be used as a limited method for 
writing to RAM. 
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REGISTERS (Continued) 



N OV 



UI1 UIO SH3 OP IE U01 UOO 



S15 



S14 



S13 



S12 



S11 



S10 



S7 S6 



S4 



S2 



| S1 | SO j 



Ram Pointer Loop Size 



000 
001 
010 
01 1 
100 
101 
1 1 

1 1 1 



256 

2 

4 

8 

16 

32 

64 

128 



'Short Form Direct" bits 
User Output 0-1 
Interrupt Enable 

Overflow protection 

MPY output shifted by 3 bit 

User Input 0-1 

Carry 
Zero 
Overflow 
Negative 



Not Writeable 



Figure 4. Status Register 



SR is the status register (Figure 4) which contains the ALU 
status and certain control bits as shown in the following 
table. 

Table 3. Status Register Bit Functions 
Status Register Bit Function 



S15 (N) 


ALU Negative 


S14(OV) 


ALU Overflow 


S13(Z) 


ALU Zero 


S12(L) 


Carry 


S11 (UI1) 


User Input 1 


S10 (UIO) 


User Input 


S9 (SH3) 


MPY Output Shifted by 3 Bits 


S8 (OP) 


Overflow Protection 


S7 (IE) 


Interrupt Enable 


S6(U01) 


User Output 1 


S5 (UOO) 


User Output 


S4-S3 


"Short Form Direct" Bits 


S2-S0 (RPL) 


RAM Pointer Loop Size 



Table 4. RPL Description 



S2 


S1 


so 


Loop Size 











256 








1 


2 





1 





4 





1 


1 


8 


1 








16 


1 





1 


32 


1 


1 





64 


1 


1 


1 


128 



The status register may always be read in its entirety. S15- 
S 1 are set/reset by the hardware and can only be read by 
software. S9-S0 can be written by software. 
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S1 5-S1 2 are set/reset by the ALU after an operation. S1 1 - 
S1 are set/reset by the user inputs. S6-S0 are control bits 
described elsewhere. S7 enables interrupts. S8, if (reset), 
allows the hardware to overflow. If S8 is set, the hardware 
clamps at maximum positive or negative values instead of 
overflowing. 



If S9 is set and the MPYA or MPYS instruction is used, then 
the shifter to the ALU shifts the result three bits right. 

PC is the Program Counter. When this register is assigned 
as a destination register, one NOP machine cycle is added 
automatically to adjust the pipeline timing. 



RAM ADDRESSING 

The address of the RAM is specified in one of three ways 
(Figure 5): 



RAMO 



RAMI 



RAM Pointers %FF 



%FF 



P0:0 



P1:0 | %37 h 
P20 | | 




RAM Pointers 



P0:1 
1 



I I PI 

| P2:1 



%04 



S4 / S3 = 01 



Data Pointers 





%0321 















D0:1 — 1 
D1:1 
D2:1 
D3:1 



®eP1:0 



«D0:1 



Both of theFollowing 
Instructions Load %1234 
into the Accumulator. 

LD A,@OP1:0 
LD A,©D0:1 



Figure 5. RAM, ROM, and Pointer Architecture 



Register Indirect 

Pn:b n=0-2, b=0-1 

The most commonly used method is a register indirect 
addressing method, where the RAM address is specified 
by one of the three RAM address pointers (n) for each bank 
(b). Each source/destination field in Figures 6 and 9 may 
be used by an indirect instruction to specify a register 
pointer and its modification after execution of the instruction . 



n1 nO 



D1 


DO 







RAM Pointer Register 

Operation 

RAM Bank 



Figure 6. Indirect Register 
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RAM ADDRESSING (Continued) 

The register pointer is specified by the first and second bits 
in the source/destination field and the modification is 
specified by the third and fourth bits according to the 
following table: 



D3-D0 




Meaning 


OOxx 


NOP 


No Operation 


01 xx 


+ 1 


Simple Increment 


10xx 


-1/LOOP 


Decrement Modulo the Loop Count 


11xx 


+ 1/LOOP 


Increment Modulo the Loop Count 


xxOO 


P0:0 or P0:1 


See Note a 


xx01 


P1:0 or P1:1 


See Note a 


xx10 


P2:0 or P2:1 


See Note a 


XX1 1 




See Short Form Direct 


Notes: 



a. If bit 8 is zero, P0:0 to P2:0 are selected; if bit 8 is one, P0:1 to P2:1 
are selected. 



When LOOP mode is selected, the pointer to which the 
loop is referring will cycle up or down, depending on 
whether a -LOOP or +LOOP is specified. The size of the 
loop is obtained from the least significant three bits of the 
Status Register. The incrementor decrement of the register 
is accomplished modulo the loop size. As an example, if 
the loop size is specified as 32 by entering the value 101 
into bits 2-0 of the Status Register (S2-S0) and an increment 
+LOOP is specified in the address field of the instruction, 
i.e., the RPi field is 1 1xx, then the register specified by RPi 
will increment, but only the least significant five bits will be 
affected. This means the actual value of the pointer will 
cycle round in a length 32 loop, and the lowest or highest 
value of the loop, depending on whether the loop is up or 
down, is set by the three most significant bits. This allows 
repeated access to a set of data in RAM without software 
intervention. To clarify, if the pointer value is 10101001 and 
if the loop = 32, the pointer increments up to 10111111, 
then drops down to 10100000 and starts again. The upper 
three bits remaining unchanged. Note that the original 
value of the pointer is not retained. 



Direct Register 

The second method is a direct addressing method. The Figures 9 to 14 show the different register instruction 
address of the RAM is directly specified by the address formats along with the two tables below Figure 9. 
field of the instruction. Because this addressing method 
consumes nine bits (0-51 1 ) of the instruction field, some 
instructions cannot use this mode (Figure 7). 



|D15 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO I 





RAM Address 
Opcode 



Figure 7. Direct Internal RAM Address Format 



Short Form Direct 

Dn:b n = 0-3, b = 0-1 

The last method is called Short Form Direct Addressing, 
where one out of 32 addresses in internal RAM can be 
specified. The 32 addresses are the 1 6 lower addresses in 
RAM Bank and the 16 lower addresses in RAM Bank 1 . 
Bit 8 of the instruction field determines RAM Bank or 1 . 
The 1 6 addresses are determined by a4-bit code comprised 
of bits S3 and S4 of the status register and the third and 
fourth bits of the Source/Destination field. Because this 
mode can specify a direct address in a short form, all of the 
instructions using the register indirect mode can use this 
mode (Figure 8). This method can access only the lower 1 6 
addresses in the both RAM banks and as such has limited 



use. The main purpose is to specify a data register, located 
in the RAM bank, which can then be used to point to a 
program memory location. This facilitates down-loading 
look-up tables etc. from program memory to RAM. 



b 


n3 


n2 


n1 


no 


D8 


S4 


S3 


D3 


D2 



RAM Address 



RAM 

Bank 

Figure 8. Short Form Direct Address 
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INSTRUCTION FORMAT 

[ 



ID15D14 



D13 



D12 



D11 



D10 



D9 



D8 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



DO 



Source field 
Destination field 
RAM Bank selection 
Opcode 



Note: 

Source/Destination fields can specify either register or 
RAM addresses in RAM pointer indirect mode. 



Figure 9. General Instruction Format 



Table 5. Registers 



Source/Destination Register 



0000 BUS' 

0001 X 

0010 Y 

0011 A 



0100 SR 

0101 STACK 

0110 PC 

01 1 1 P" 



1000 EXTO 

1001 EXT1 

1010 EXT2 

1011 EXT3 



1100 EXT4 

1101 EXT5 

1110 EXT6 

1111 EXT7 



Table 6. Register Pointers Field 



Source/Destination Meaning 



OOxx NOP 

01xx +1 

10xx -1/LOOP 

11 xx + 1/LOOP 



xxOO P0:0orP0:1* 
xx01 P1:0orP1:1* 
xx10 P2:0orP2:1* 

xxlj Short Form Direct Mode' 

Notes: 

If RAM Bank bit is 0, then Pn:0 are selected. 
If RAM Bank bit is 1, then Pn:1 are selected. 
" Read only. 

"" When the short form direct mode is selected, 00000-01 1 1 1 
or 10000-1 1111 are used as RAM addresses. 



bis 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 | D3 


D2 


D1 


DO 













Short Immediate Data 



000 
001 
010 
011 
100 
101 
1 1 
1 1 1 



Reg. Pointer 

P0:0 

P1:0 

P2:0 

NA 

P0:1 

P1:1 

P2:1 

NA 



Opcode 
1 1 



Figure 10. Short Immediate Data Load Format 
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INSTRUCTION FORMAT (Continued) 



|D15|D14 |D13 


D12 |D11 |D10 


D9 1 D8 


D7 


D6 


D5 


D4 1 D3 1 D2 


D1 


DO I 











General Instruction Format 



Id15 


D14 


D13 


D12 


D11 


010 


D9 I D8 


D7 1 D6 1 D5 


D4 


D3 


D2 I D1 1 DO 1 









2nd Word 



Immediate Data 



Figure 11. Immediate Data Load Format 



D15 



D14 



D13 



D12 



D11 



D10 D9 



D8 



D7 



D6 



05 



D4 



03 



D2 



D1 



DO 



ACC Modification Codes 

R0R Rotate right 

00 1 ROL Rotate left 

010 SHR Shift right 

0011 SHL Shift left 

010 INC Increment (LSB) 

0101 DEC Decrement (LSB) 

0110 NEG Negate 

0111 ABS Absolute 



Condition Codes 
TRUE 
00 1 — 

0010 U01=0 

0011 UO1=0 

1 C =0 
0101 Z=0 

0110 OV=0 

0111 N=0 

1 xxx 

TRUE 

0001 ---- 

0010 U00=1 

0011 U01=1 
010 C=1 
0101 Z=1 

0110 OV=1 

0111 N=1 

1 xxx 



= Negative Condition 

1 = Positive Condition 



Opcode 
1001000 



Figure 12. Accumulator Modification Format 
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D15 


D14 


013 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO I 1st Word 









xxxx 



Condition Codes 


0000 


TRUE 


0001 




0010 


UO0=0 


0011 


1101=0 


0100 


C=0 


0101 


2=0 


0110 


ov=o 


0111 


N=0 


1 XXX 




0000 


TRUE 


0001 




0010 


UO0=1 


001 1 


U01=1 


0100 


C=1 


0101 


Z=1 


0110 


OV=1 


0111 
1 X X X 


N=1 



Condition 

= Negative 
Condition 

1 = Positive Condition 

Opcode 

0100110 

Branch 

01 01 Call 



Id15 


D14 


D13 


D12 


D11|D10| 09 J 08 J D7 J D6 J C 


5 | 04 | D3 | 02 | 01 | DO | 





Branch Address 



Figure 13. Branching Format 



I D1 5 


D14 


D13 


012 


D11 


D10 


D9 


D8 


D7 I D6 


D5 


D4 


D3 


D2 


D1 


DO | 

















x x 1 Reset C flag 
xx 11 Set Cflag 
x 1 x Reset IE Rag 

(Interrupt enable) 
x 1 x 1 Set IE Flag 
1xx0 Reset OP Flag 

(Overflow protection) 
1 x x 1 Set OP Flag 

xxxx 

Opcode 

1 1 1 Mod 



Figure 14. Flag Modification Format 
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ADDRESSING MODES 

This section discusses the syntax of the addressing modes used in the discussion of instruction syntax in the instruction 
supported by the DSP assembler. The symbolic name is descriptions. 



Table 7. Addressing Modes 



Symbolic Name 


Syntax 


Description 


<pregs> 


Pn:b 


Pointer Register 


<dregs> 
(Points to RAM) 


Dn:b 


Data Register 


<hwregs> 


X,Y,PC,SR,P 
EXTnABUS 


Hardware Registers 


<accind> 

(Points to Program Memory) 


@A 


Accumulator Memory Indirect 


<direct> 


<expression> 


Direct Address Expression 


<limm> 


#<const exp> 


Long (16-bit) Immediate Value 


<simm> 


#<const exp> 


Short (8-bit) Immediate Value 


<regind> 
(Points to RAM) 


@Pn:b 
@Pn:b+ 
@Pn:b-LOOP 
@Pn:b+LOOP 


Pointer Register Indirect 
Pointer Register Indirect with Increment 
Pointer Register Indirect with Loop Decrement 
Pointer register Indirect with Loop Increment 


<memind> 

(Points to Program Memory) 


@@Pn:b 
@Dn:b 

@@Pn:b-LOOP 
@@Pn:b+LOOP 
@@Pn:b+ 


Pointer Register Memory Indirect 
Data Register Memory Indirect 

Pointer Register Memory Indirect with Loop Decrement 
Pointer Register Memory Indirect with Loop Increment 
Pointer Register Memory Indirect with Increment 



There are eight distinct addressing modes for transfer of 
data (Figure 5 and Table 7). 

<pregs>, <hwregs>. These two modes are used for 
simple loads to and from registers within the chip such as 
loading to the Accumulator, or loading from a pointer 
register. The names of the registers need only be specified 
in the operand field. (Destination first then source) 

<regind>. This mode is used for indirect accesses to the 
data RAM. The address of the RAM location is stored in the 



pointer. The "@" symbol indicates "indirect" and precedes 
the pointer, so @P1 : 1 tells the processor to read or write to 
a location in RAMI , which is specified by the value in the 
pointer. 

<dregs>. This mode is also used for accesses to the data 
RAM but only the lower 16 addresses in either bank. The 
4-bit address comes from the status register and the 
operand field of the data pointer. Note that data registers 
are typically used not for addressing RAM, but loading 
data from program memory space. 
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<memind>. This mode is used for indirect, indirect accesses 
to the program memory. The address of the memory is located 
in a RAM location, which is specified by the value in a pointer. 
So @@P1 : 1 tells the processor to read (write is not possible) 
from a location in memory, which is specified by a value in 
RAM, and the location of the RAM is in turn specified by the 
value in the pointer. Note that the data pointer can also be 
used for a memory access in this manner, but only one "@" 
precedes the pointer. In both cases the memory address 
stored in RAM is incremented by one each time theaddressing 
mode is used to allow easy transfer of sequential data from 
program memory. 

<accind>. Similar to the previous mode, the address for 
the program memory read is stored in the Accumulator. 
@A in the second operand field loads the number in 
memory specified by the address in A. 



CONDITION CODES 

The following defines the condition codes supported by the <cc> (condition code) symbol in one of its addressing 
DSP assembler. If the instruction description refers to the modes, the instruction will only execute if the condition is true. 



Table 8. Condition Codes 



Name 


Description 


Name 


Description 




C 


Carry 


NU1 


Not User One 




EQ 


Equal (same as Z) 


NZ 


Not zero 




F 


False 


OV 


Overflow 




IE 


interrupts Enabled 


PL 


Plus (Positive) 




Ml 


Minus 


UO 


User Zero 




NC 


No Carry 


U1 


User One 




NE 


Not Equal (same as NZ) 


UGE 


Unsigned Greater Than or 




NIE 


Not Interrupts Enabled 




Equal (Same as NC) 




NOV 


Not Overflow 


ULT 


Unsigned Less Than (Same as C) 




NUO 


Not User Zero 


Z 


Zero 





<direct>. The direct mode allows read or write to data 
RAM from the Accumulator by specifying the absolute 
address of the RAM in the operand of the instruction. A 
number between and 255 indicates a location in RAMO, 
and a number between 256 and 51 1 indicates a location in 
RAMI. 

<limm>. This indicates a long immediate load. A 16-bit 
word can be copied directly from the operand into the 
specified register or memory. 

<simm>. This can only be used for immediate transfer of 
8-bit data in the operand to the specified RAM pointer. 
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INSTRUCTION DESCRIPTIONS 



Inst. 


Description 


Synopsis 


Operands 


Words 


Cycles 


Examples 


ABS 


Absolute Value 


ABS[<co,]<src> 


<co,A 
A 




1 
1 


ABS NC,A 
ABS A 


ADD 


Addition 


ADD<dest>,<src> 


A,<pregs> 

A,<dregs> 

A,<limm> 

A,<memind> 

A,<direct> 

A,<regind> 

A,<hwregs> 


j 


1 
1 

2 
3 
1 
1 
1 


ADD A,P0:0 
ADD A,D0:0 
ADD A,#%1234 
ADD A,@@P0:0 
ADD A,%F2 
ADD A,@P1:1 
ADD A,X 


AND 


Bitwise AND 


AND<dest>,<src> 


A,<pregs> 
A,<dregs> 
A,<limm> 
A,<memind> 
A <rdirprS 

A,<regind> 
A,<hwregs> 


j 
] 
1 
1 


1 
1 

2 
3 

1 
1 


AND A,P2:0 
AND A,D0:1 
AND A,#%1234 
AND A,@@P1:0 
AND A %?C 
ANDA,@P1:2+L00P 
AND A.EXT3 


CALL 


Subroutine call 


CALL [<co,]<address> 


<cc>,<direct> 
<direct> 


2 
2 


2 

2 


CALL Z,sub2 
CALL subl 


CCF 


Clear carry flag 


CCF 


None 






CCF 


CIEF 


Clear Carry Flag 


CIEF 


None 






CIEF 


COPF 


Clear OP flag 


COPF 


None 






COPF 


CP 


Comparison 


CP<src1>,<src2> 


A,<pregs> 

A,<dregs> 

A,<memind> 

A,<direct> 

A,<regind> 

h,<i twicys> 

A<limm> 


j 
j 


j 


CPA,P0:0 
CP A,D3:1 
CP A,@@P0:1 
CPA,%FF 
CPA,@P2:1+ 

CP A ^TAPK 
CP A,#%FFCF 




Decrement 


utu i<co,j<oesi> 


<CC>A, 
A 






r\CP M7 A 

DEC A 


INC 


Increment 


INC [<cc>,] <dest> 


<CO,A 
A 






INC PL,A 
INC A 


JP 


Jump 


JP [<co,]<address> 


<cc>,<direct> 
<direct> 


2 
2 


2 
2 


JP NIE.Label 
JP Label 
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Inst. Description Synopsis 


Operands 


Words 


Cycles 


Examples 


LD Load destination LD<dest>,<src> 


A,<hwregs> 


1 


1 


LDA.X 


with source 


A,<dregs> 


1 


1 


LD A,D0:0 




A,<pregs> 


1 


1 


LD A,P0:1 




A,<regind> 


1 


1 


LD A,@P1:1 




A,<memind> 


1 




LD A,@D0:0 




A,<direct> 


1 


1 


LD A.124 




<direct>,A 


1 


1 


LD124.A 




<dregs>,<hwregs> 


1 


1 


LD D0:0,EXT7 




<pregs>,<simm> 


1 


1 


LD P1:1,#%FA 




<pregs>,<hwregs> 


1 


1 


LD P1:1,EXT1 




<regind>,<limm> 


1 


1 


LD@P1:1,#1234 




<regind>,<hwregs> 


1 


1 


LD@P1:1+,X 




<hwregs>,<pregs> 


1 


1 


LO Y,P0:0 




<hwregs>,<dregs> 


1 




LD SR,D0:0 




<hwregs>,<iimm> 


2 


2 


LD PC,#%1234 




<hwregs>,<accind> 


1 


3 


LD X,@A 




<hwregs>,<memind> 


1 


3 


LD Y,@D0:0 




<hwregs>,<regind> 


1 


1 


LD A,@P0:O-LOOP 




<hwregs>,<hwregs> 


1 


1 


LD X.EXT6 



Note: When <dest> is <hwregs>, <dest> cannot be P. 
Note: When <dest> is <hwregs> and <src> is <hwregs>, <dest> cannot be EXTn 
if <src> is EXTn, <dest> cannot be X if <src> is X, <dest> cannot be SR if <src> 
is SR. 

Note: When <src> is <accind> <dest> cannot be A. 



MLD Multiply 



MLD<srcl>,<srcl>[,<bank switch>] 



<hwregs>,<regind> 1 1 

<hwregs>,<regind>,<bank switch> 1 1 

<regind>,<regind> 1 1 

<regind>,<regind>,<bank switch> 1 1 



MLD A,@P0:0+LOOP 
MLD A,@P1:0,OFF 
MLD @P1:1,@P2:0 
MLD @P0:1,@P1:0,0N 



Note: If srd is <regind> it must be a bank 1 register. Src2's <regind must be a 
bank register. 

Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <band switch> defaults to OFF. 
For the operands <regind>, the <bank switch> defaults to ON. 



MPYA Multiply and add MPYA <srcl>,<src2>[,<bank switch>] 



<hwregs>,<regind> 1 1 

<hwregs>,<regind>,<bankswitch> 1 1 

<regind>,<regind> 1 1 

<regind>,<regind>,<bankswitch> 1 1 



MPYA A,@P0:0 
MPYAA,@P1:0,OFF 
MPYA@P1:1,@P2:0 
MPYA@P0:1,@P1:0,ON 




Note: If srd is <regind> it must be a bank 1 register. 5 
bank register. 

Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <bank switch> defaults to 
OFF. For the operands <regind>, the <bank switch> defaults to ON. 
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INSTRUCTION DESCRIPTIONS (Continued) 



Inst. Description 



Synopsis 



Words Cycles Examples 



MPYS Multiply and 
subtract 



M PYS<src1 >,<src2>[,<bank switch>] 



<hwregs>,<regind> 1 1 

<hwregs>,<regind>,<bank switch> 1 1 

<regind>,<regind> 1 1 

<regind>,<regind>,<bankswitch> 1 1 



MPYSA,@P0:0 
MPYSA,@P1:0,OFF 
MPYS @P1:1,@P2:0 
MPYS@P0:1,@P1:0,0N 



Note: If srd is <regind> it must be a bank 1 register. Src2's <regind> must 

be a bank register. 

Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <bank switch> defaults to 
OFF. For the operands <regind>, <regind> the <bank switch> defaults to ON. 



NEG 


Negate 


NEG <co,A 


<cc>, A 


1 1 


NEG MI,A 








A 


1 1 


NEG A 


NOP 


No operation 


NOP 


None 


1 1 


NOP 


OR 


Bitwise OR 


OR <dest>,<src> 


A, <pregs> 


1 1 


OR A,P0:1 








A, <dregs> 


1 1 


OR k, D0:1 








A, <limm> 


2 2 


OR A,#%2C21 








A, <memind> 


1 3 


OR A,@@P2:1+ 








A, <direct> 


1 1 


UK A, Axil/ 








A, <regind> 


1 1 


OR A,@P1:0-LOOP 








A, <hwregs> 


1 1 


OR A.EXT6 


POP 


Pop value 


POP <dest> 


<pregs> 


1 1 


POP P0:0 




from stack 




<dregs> 


1 1 


POP D0:1 








<regind> 


1 1 


POP @P0:0 








<hwregs> 


1 1 


POP A 


PUSH 


Push value 


PUSH <src> 


<pregs> 


1 1 


PUSH P0:0 




onto stack 




<dregs> 


1 1 


PUSH 00:1 








<regind> 


1 1 


PUSH @P0:0 








<hwregs> 


1 1 


PUSH BUS 








<limm> 


2 2 


PUSH #12345 








<accind> 


1 3 


PUSH @A 








<memind> 


1 3 


PUSH @@P0:0 


RET 


Return from subroutine 


RET 


None 


1 2 


RET 


RL 


Rotate Left 


RL <co,A 


<co,A 


1 1 


RL NZ.A 








A 


1 1 


RL A 


RR 


Rotate Right 


RR <co,A 


<co,A 


1 1 


RR C,A 








A 


1 1 


RR A 
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Inst. 


Descriation 


Svnonsis 


Onpranrfs 


Wnrrfc HvrIp^ Fyamnlps 


9PF 
our 


OCl L> nay 


9PF 
our 


Mnnp 


1 1 ^PF 


SIEF 


Spt IF flan 

oci ic nay 


SIEF 


None 


1 1 9IFF 


SLL 


Shift left 


SLL 


[<co,]A 


1 1 SLL NZ,A 




Inniral 




A 
n 


1 1 Ql I A 
I I OLL n 


SOPF 


Set OP flag 


SOPF 


None 


1 1 SOPF 


SRA 


Shift right 


SRA<cc>,A 


<co,A 


1 1 SRA NZ,A 




arithmetic 




A 


1 1 SRA A 


SUB 


Subtract 


SUB<dest>,<src> 


A,<pregs> 


1 1 SUB A,P1:1 








A,<dregs> 


1 1 SUB a!d0:1 








A,<limm> 


2 2 SUB A,#%2C2C 








A, <memind> 


1 3 SUB A,@D0:1 








A, <direct> 


1 1 SUB A,%15 








A, <regind> 


1 1 SUB A,@P2:0-LOOP 








A, <hwregs> 


1 1 SUB A.STACK 


XOFt 


Bitwise exclusive OR 


XOR <dest>,<src> 


A, <pregs> 


1 1 XORA,P2:0 








A, <dregs> 


1 1 XORa!dO:1 








A, <limm> 


2 2 XOR A,#1 3933 








A, <memind> 


1 3 XOR A,@@P2:1+ 








A, <direct> 


1 1 X0RA,%2F 








A, <regind> 


1 1 XOR A,@P2:0 








A, <hwregs> 


1 1 X0RA,BUS 



Bank Switch Enumerations. The third (optional) operand 
of the MLD, MPYA and MPYS instructions represents 
whether a bank switch is set on or off. To more clearly 
represent this two keywords are used (ON and OFF) which 
state the direction of the switch. These keywords are 
referred to in the instruction descriptions through the 
<bank switch> symbol. 



5-21 



PRELIMINARY 



16-Bit Digital Signal Processor 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Description 


Min 


Max 


Units 


^cc 


Supply Voltage (*) 


-0.3 


+7.0 


V 


^STG 


Storage Temp 


-65° 


+ 150° 


c 


T A 


Oper Ambient Temp 




t 


c 



Notes: 

* Voltage on all pins with respect to GND. 
t See Ordering Information. 



Stresses greaterthan those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This 
is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended period may affect 
device reliability. 



STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to ground. 
Positive current flows into the referenced pin (Figure 15). 



+5V 



2.1 KH 



From Output 
Under Test 



150 pF ^ 



9.1 K£2 



Figure 15. Test Load Diagram 



DC ELECTRICAL CHARACTERISTICS 

(V DD = 5V ±5%, T A = 0°C to +70°C unless otherwise specified) 



Symbol 


Parameter 


Condition 


Min. 


Max. 


Units 


'do 
'oc 


Supply Current 

DC Power Consumption 


V DD = 5.25V 
fclock= 10 MHz 
V DD = 5.25V 


1 


60 
5 


mA 
mA 


IL 


Input High Level 
Input Low Level 
Input Leakage 




0-9 V DD 


0-1 v DD 
1 


V 
V 
uA 


^OH 

w 


Output High Voltage 
Output Low Voltage 
Output Floating Leakage Current 


1^= -100 mA 
l 0L = 0.5 mA 


V DD -0.2 


0.5 
5 


V 
V 
uA 
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AC ELECTRICAL CHARACTERISTICS 

(V DD = 5V +5%, T A = 0°C to +70°C unless otherwise specified) 


Symbol 


Parameter 


Min. 


Max. 


Units 


TCY 

D\ A A A / 

rWW 

Tr 
Tf 


Clock Cycle Time 
uiock ruise wiutn 
Clock Rise Time* 
Clock Fall Time* 


100 
4b 
2 
2 


1000 

4 
4 


ns 
ns 
ns 
ns 


TEAD 
TXVD 
TXWH 
TXRS 


EA.ER//W Delay from CK 
EXT Data Output Valid from CK 
EXT Data Output Hold from CK 
EXT Data Input Setup Time 


15 
5 
15 
15 


25 
25 


ns 
ns 
ns 
ns 


TXRH 
TIED 
RDYS 
RDYH 


EXT Data Input Hold from CK 
/El Delay Time from CK 
Ready Setup Time 
Ready Hold Time 




10 




15 
5 


ns 
ns 
ns 
ns 
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AC TIMING DIAGRAM 



CK 



/El 



ER//W 



WMM 



EXT (15:0) 



EA(2:0) 



/RDYE 



■ PWW ■ 



EXT Bus: 
Output 



Wd 
Data Out 



Wild Address Out 



wmm 



W//////////M 



ROYS 

, 1, RDYH 



Figure 16. WRITE to external device timing 



/El 



WMM 



EXT (15:0) 



EA(2:0) 



EXT Bus: 
input 



r 



Wild 
Data In 



Valid Address Out 



wmm 



ymmm 



W/////////M 



Figure 17. READ from external device timing 
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J L 



wmwmwmmi 



r } 



SYMBOL 


MILLIMETER 


INCH 


MIN 


HAX 


HIN 


MAX 


Al 


0.51 


081 


.020 


.032 


A2 


325 


3.43 


.128 


.135 


B 


0.38 


0.53 


.015 


.021 


Bl 


1.02 


1.52 


.040 


.060 


C 


0£3 


0.38 


.009 


.015 


D 


52.07 


52.58 


2.050 


2.070 


E 


15.2* 


15.75 


.600 


.620 


El 


13.59 


14.22 


.535 


.560 


■ 


2.54 TYP 


100 trp 


eA 


1549 


16.51 


.610 


650 


L 


3.18 


3.81 


.125 


.150 


. Ql 


1.52 


1.91 


.060 


.075 


S 


152 


2.29 


.060 


090 



40-Pin DIP Package Diagram 
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PACKAGE INFORMATION (Continued) 




NOTES i 

L CONTROLLING DIMENSIONS I INCH 

2. LEADS ARE CDPLANAR WITHIN .004 IN. 

3. DIMENSION ■ _m_ 

INCH 



SYMBOL 


MILLIMETER 


INCH 


MIN 


MAX 


MIN 


MAX 


A 


4.27 


4.57 


.168 


.190 


Al 


2.67 


2.92 


.105 


.115 


D/E 


17.40 


17.65 


.685 


.695 


Dl/El 


'.6 5! 


16.66 


650 


656 


D2 


15.24 


16.00 


.600 


630 


■ 


. 1.27 TYP 


.050 TYP 



44-Pin PLCC Package Diagram 
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ORDERING INFORMATION 



Z89320 



10 MHz 

40-pin DIP 
Z8932010PSC 



10 MHz 

44-pin PLCC 
Z8932010VSC 



For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

Package 

P = Plastic DIP 

V = Plastic Chip Carrier 

Temperature 

S = 0°C to +70°C 

Speed 

10 = 10 MHz 

Environmental 

C = Plastic Standard 

Example: 

Z Z89320 10 P S C is a Z89320 10 MHz, DIP, 0°C to +70°C, Plastic Standard Flow. 



L 



Environmental Flow 
Temperature 
Package 
Speed 

Product Number 
Zilog Prefix 




~7 



- 



FEATURES 

■ 16-Bit Single Cycle Instructions 

■ Zero Overhead Hardware Looping 

■ 16-Bit Data 

■ Ready Control for Slow Peripherals 

■ Single Cycle Multiply/Accumulate (100 ns) 

■ Six-Level Stack 

■ 512 Words of On-Chip RAM 

■ Programmable Timer 



GENERAL DESCRIPTION 

The Z89321 is a second generation, 16-bit, fractional, 
two's complement CMOS Digital Signal Processor (DSP). 
Most instructions, including multiply and accumulate, are 
accomplished in a single clock cycle. The processor 
contains 1 Kbyte of on-chip data RAM (two blocks of 256 
16-bit words), 4K words of program ROM. Also, the 
processor features a 24-bit ALU, a 16 x 16 multiplier, a 
24-bit Accumulator and ashifter. Additionally, the processor 
contains a six-level stack, three vectored interrupts and 
two inputs for conditional program jumps. Each RAM block 
contains a set of three pointers which may be incremented 
or decremented automatically to affect hardware looping 
without software overhead. The data RAMs can be 
simultaneously addressed and loaded to the multiplier for 
a true single cycle multiply. 

The device includes a 1 6-bit I/O bus for transferring data 
or for mapping peripherals into the processor address 
space. Additionally, there are two general purpose user 



ADVANCE INFORMATION SPECIFICATION 



Z89321 

16-Bit Digital 
Signal Processor 



■ 16-Bit I/O Port 

■ 4K Words of On-Chip Masked ROM 

■ Three Vectored Interrupts 

■ Two Conditional Branch Inputs/Two User Outputs 

■ 24-Bit ALU, Accumulator and Shifter 

■ IBM® PC Development Tools 

■ Cost Effective 44-Pin PLCC Package 

■ CODEC Interface 



inputs and two user outputs. Operation with slow peripherals 
is accomplished with a ready input pin. 

Development tools for the IBM PC include a relocatable 
assembler, a linker loader, and an ANSI-C compiler. Also, 
the development tools include a simulator/debugger, a 
cross assembler for the TMS320 family assembly code 
and a hardware emulator. 

Notes: 

All Signals with a preceding front slash, "/", are active Low, e.g., 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 



Power connections follow conventional descriptions below: 



Connection 


Circuit 


Device 


Power 






Ground 


GND 


V S s 



— 
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GENERAL DESCRIPTION (Continued) 



Register 
Pointer 
0-2 



S-Bus 



256 Word 
RAM 




256 Word 
RAM 

1 



16-Bit Bus 



H 



Pointer 
4-6 



Instruction 
ir 



D Bus 





© 




16x16 




Multiplier 




24-bit ® 



II 



Switch 



Stack 



PC 



4K 
Word 
ROM 



Ready 



16-bit 
I/O 
Port 




Interrupt 



User 
Port 



16 



EXTO-15 --- 



RDYE, ER//W, 
/El 



EAO-2 



/INTO-2 - - 
/RESET 



UIO-1 
UOO-1 



Locations EXT5, EXT6 and EXT7 from the 16-bit I/O Port, 
are used to control the CODEC Interface. 



Timer 



Clock 



10.24 MHz 



5.12/2.56/1.28/0.64 MHz 
Timer Output 



Figure 1 . Functional Block Diagram 
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PIN DESCRIPTION 



o 

^ o o 

O 3 ^ 



5 b 

g 5 g i 



Q 01 
Q uj 5 

nnnnnnnnnnn 

6 5 4 3 2 1 44 43 42 41 40 



DCLK 


LZ 


7 










39 


□ EAO 


EXTO 


\Z 


8 


o 








38 


□ /RES 


EXT1 


LZ 


9 










37 


□ /RDYE 


EXT2 


LZ 


10 










36 


□ ER//W 


VSS 


Z 


11 










35 


□ VDD 


DENA1 


LZ 


12 


Z89321 








34 


Z TO 


EXT12 


r - 
i 


13 


PLCC 








33 


— | uio 


EXT13 


LZ 


14 










32 


□ UI1 


EXT14 


LZ 


15 










31 


Z INT1 


VSS 


LZ 


16 










30 


□ INT2 


EXT15 


LZ 


17 










29 


Z EXT11 






18 


19 20 21 22 23 24 


25 


26 


27 


28 








uuuuuuuuuuu 








EXT3 
EXT4 
VSS 
EXT5 
EXT6 
EXT7 
DENAO 


EXT8 


EXT9 


> 


EXT10 





Figure 2. 44-Pin PLCC Pin Assignments 
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PIN DESCRIPTION (Continued) 



Table 1. 44-Pin PLCC Pin Identification 



No. 


Symbol 


Function 


Direction 


I 


WAI T 


oiup execution 


Input 


o 
c. 


npii it 

UUU I 


Hofo f"*| it 

uaia uui 


uuipui 


3 


/INTO 


Interrupt 


Input 


4-5 


UO0-UO1 


User output 


Output 


6 


DiN 


Data In 


Input 


7 

/ 


UOLr\ 


L/OUtO LOCK 


output 


O I u 


FXTD-FXT? 

CA 1 U CA 1 c. 


c_Alcilicll Uala UUo 


Inni it/r™^i itr\i i+ 
1 1 1 U U 1/ WUl|JUi 


11 


^ss 


Ground 


Input 


12 


DENA1 


Enable 1 


Output 


13-15 


EXT12-EXT14 


External data bus 


Input/Output 


1fi 

I D 


v ss 


Ol UUI IU 


: : 

Input 


17 




CALciNa! (Jala UUb 


nni it/fll ltr~*l it 

input/output 


18-19 


EXT3-EXT4 


External data bus 


Input/Output 


20 


^ss 


Ground 


Input 


21-23 


EXT5-EXT7 


External data bus 


Input/Output 




UtNAU 


tnaoie u 


f~\i t.^ it 

vJUtpUt 




LA I O-tA I y 


External Data Bus 


Input/Output 


27 


^SS 


Ground 


Input 


28-29 


EXT10-EXT11 


External data bus 


Input/Output 


30 


/INT2 


Interrupt 


Input 


ol 


/INI 1 


Interrupt 


Input 




1 Mi 
Ul 1 


User input 


Input 




U IU 


I lecsr i n r-ii it 
Uocl IMpUL 


Input 


1A 


Tn 
1 u 


Timer Output 


vJUipUT 


35 


V DD 


Power Supply 


Input 


36 


ER//W 


R/W for external bus 


Output 


37 


/RDYE 


Data ready 


Input 


38 


/RES 


Reset 


Input 


39-41 


EA0-EA2 


External address bus 


Output 


42 




Power Supply 


Input 


43 


/El 


Data strobe for external bus 


Output 


44 


CK 


Clock 


Input 
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CODEC Interface Controller 

External DSP registers ext5 and ext6 are used by Exter- 
nal Codec Interface. The accessibility of these devices 
is driven by the Codec/Timer Control register (ext7). 

Two different Codecs can be addressed by the 
Codec/Timer Control register (ext7). The data can be 
loaded to CodecO or Coded by writing to ext5 or ext6 
correspondingly. In order to receive the data from the 
Codecs the DSP should read ext5 and ext6. 



1 . Codec Data Registers • EXT5 and EXT6 

The DSP writes data to Codecs using the lower 8 bits of 
the ext5 and ext6 registers. The 8 remaining upper bits 
of ext5 and ext6 are reserved, as shown in the following 
table. 



Field 


Position 


Value Label 


Reserved 


fedcba98 

R 

W 

76543210 

R 

W 


Return "0" 
No effect 

INN Data 
From Codec 
%NN Data 
To Codec 


2. Codec/Timer Control Register 

The DSP can define the status of the Codecs and the 
frequency of the Timer output by writing data to a 
Codec/Timer Control Register. 


Field 


Position 


Value Label 


Reserved 


fedcba9876 

R 
W 


Return " " 
No effect 


i Codec_enable 


54 

R/W 


00 Disabled 

01 CO enable 

10 Reserved 

11 Enabled 


R/W 


Divided by 6 

1 Divided by 5 


Sampling 


2— 

R/W 


Normal 

1 Slow 


Timer_rate 


10 

R/W 


00 Div by 2 

01 Div by 4 

10 Div by 8 

11 Div by 16 



3. The Codec Interface timings. 

Codec interface provides the custo mer with all necessary 
signals to connect two independent Codec chips. The 
supported effective data rate for each Codec is 8/6.66 K 
bytes/sec. The Clock frequency is fixed to 2.048/1 .7066 
MHz. The following timing diagrams describe the func- 
tionality of Codec interface. 

Two figures show the connection of Z89321 to popular 
Tl (TCM29C18) and Motorolla's (MC1 45503) codecs. No 
additional components are necessary. 



Codec_enable: This field enables the Codecs. The options are 
disable both Codecs, enable both Codecs, or enable CodecO only. 
Coded can not be enabled alone. 

DlvS/6: This bit defines the speed of codecs. If the bit Is set to a "1 " the 
Codec clock frequency is set to 2.048 MHz and the sampling rate 
equals to 8 KHz. If the bit is reset to "0" - codec clock frequency is 
equal to 1 .7066 MHz. while the sampling rate is set to 6.66 KHz. Upon 
a POR the bit Is reset to "0". 

Sampling: This field defines the sampling rate of the Codecs. The 
sampling rate can be selected from 8 KHz CO") and 6.66 ("1"). The 
clock frequency of the Codecs Is not controlled by this field. Upon POR 
the bit Is set to a "OV 

Timer rate: This field defines the frequency of the embedded Timer. 
Upon POR the field is reset to a ■00". 



MC1 45503 



ANALOG OUT 


[ 


GND 


c 


ANALOG IN.. VJ 


c 

pArW— [ 




c 


+5V 




^ [ 



VAG 

RX0 

♦Tx 

Txl 

-Tx 

Mu/A 



VDD 
RDD 
HCS 
RDC 
TDC 
TDD 
TDE 
VLS 



] — 

DOUT 


1 DENA 


J 


DCLK 


£T 

] — 


DIN 


] — 
] — 


GNO 



CONNECTION OF MC145503 TO Z89C67 



TCM2SC18 



ANALOG OUT 



-5V 



VBB 

PWROt 

PWRO- 

/PDN 

OCLKfl 

PCM IN 

FSR/TSRE 

■lIgnd 



V00 fr 
GSX 
ANALOG in 
AN GND 

nsx 

PCM OUT 
FSX/TSXE 
CLK 



1 — ^^A^/^| 



■ ANALOG IN 
GNO 



DIN/P33 



DENA0/P34 



DCLK/P35 



POUT/P36 



CONNECTION OF TCM29C1 S TO Z89CS7 
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CODEC INTERFACE CONTROLLER (Continued) 



Clock 



Enable 



PCMJN 
LOUT) 



(PCM_C 



DATA_VALID* 



MSB1 

D7J 



D6 



D5 




D4 



D3 



D2 j 



D1 



LSBl 
DO 



I I I I I I I I 



Clock 



DENAO 



DENA1 



PCMJN 
(PCM.OUT) 



DATA_VALID" 



I I I I I I I I 



























LSBJ 

do/ 



1 













g 









G 


00 



Figure. 3 CODEC Interface Tming Diagram 



* Data Valid is an internal signal generated by the CODEC can determine when data is valid either by an interrupt on 
interface. When the CODEC is enabled, this signal is INTO or by polling UIO. Under these conditions, INTO and 
applied to interrupt and user input 0. In this way, the DSP UIO are disabled. 
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PIN FUNCTIONS 

CK Clock (input). External clock. 

EXT15-EXTO External Data Bus (input/output). Data bus 
for user defined outside registers such as an ADC or DAC. 
The pins are normally in output mode except when the 
outside registers are specified as source registers in the 
instructions. All the control signals exist to allow a read or 
a write through this bus. 

ER//W External Bus Direction (output). Data direction 
signal for EXT-Bus. Data is available from the CPU on 
EXT15-EXT0 when this signal is Low. EXT-Bus is in input 
mode (high-impedance) when this signal is High. 

EA2-EA0 External Address(output). User-defined register 
address output. One of eight user-defined external registers 
is selected by the processor with these address pins for 
read or write operations. Since the addresses are part of 
the processor memory map, the processor is simply 
executing internal reads and writes. 

/El Enable /npuf (output). Read/Write timing signal for EXT- 
Bus. User defined register or the processor can put data 
on the EXT-Bus during a Low state. Data is read by the 
external peripheral on the rising edge of /El. Data is read 
by the processor on the rising edge of CK not /El. 

HALT Halt State (input). Stop Execution Control. The CPU 
continuously executes NOPs and the program counter 
remains at the same value when this pin is held High. This 
signal must be synchronized with CK. 



/INT2-/INT0 Three Interrupts (input, active Low). Interrupt 
request 2-0. Interrupts are generated on the rising edge of 
the input signal. Interrupt vectors for the interrupt service 
starting address are stored in the program memory locations 
OFFFH for /INTO, OFFEH for /INT1, and OFFDH for /INT2. 
Priority is : INT2 = lowest, INTO = highest. 

/RES f?esef(input, active Low). Asynchronous reset signal. 
A Low level on this pin generates an internal reset signal. 
The /RES signal must be kept Low for at least one clock 
cycle. The CPU pushes the contents of the PC onto the 
stack and then fetches a new Program Counter (PC) value 
from program memory address OFFCH after the reset 
signal is released. 

/RDYE Data Ready (input). User-supplied Data Ready 
signal for data to and from external data bus. This pin 
stretches the /El and ER//W lines and maintains data on the 
address bus and data bus. The ready signal is sampled 
from the rising edge of the clock with appropriate setup 
and hold times. The normal write cycle will continue from 
the next rising clock only if ready is active. 

UI1-UI0 Two Input Pins (input). General purpose input 
pins. These input pins are directly tested by the conditional 
branch instructions. These are asynchronous input signals 
that have no special clock synchronization requirements. 

UO1-UO0 Two Output Pins (output). General purpose 
output pins. These pins reflect the value of two bits in the 
status register S5 and S6. These bits have no special 
significance and may be used to output data by writing to 
the status register. 



ADDRESS SPACE 

Program Memory. Programs of up to 4K words can be 
masked into internal ROM. Four locations are dedicated to 
the vector address for the three interrupts (0FFDH-0FFFH) 
and the starting address following a Reset (OFFCH). Internal 
ROM is mapped from 0000H to OFFFH, and the highest 
location for program is OFFBH. 

Internal Data RAM. The Z89321 has an internal 512 x 
16-bit word data RAM organized as two banks of 256 x 
16-bit words each, referred to as RAMO and RAMI . Each 
data RAM bank is addressed by three pointers, referred 
to as Pn:0 (n=0-2) for RAMO and Pn:1 (n=0-2) for RAMI . 
The RAM addresses for RAMO and RAMI are arranged 
from 0-255 and 256-51 1 respectively. The address pointers, 
which may be written to or read from, are 8-bit registers 
connected to the lower byte of the internal 16-bit D-Bus 



and are used to perform no overhead looping. Three 
addressing modes are available to access the Data RAM: 
register indirect, direct addressing, and short form direct. 
These modes are discussed in detail later. The contents of 
the RAM can be read or written in one machine cycle per 
word without disturbing any internal registers or status 
other than the RAM address pointer used for each RAM. 
The contents of each RAM can be loaded simultaneously 
into the X and Y inputs of the multiplier. 

Registers. The Z89321 has 12 internal registers and up to 
an additional eight external registers. The external registers 
are user definable for peripherals such as A/D or D/A or to 
DMA or other addressing peripherals. External registers 
are accessed in one machine cycle the same as internal 
registers. 
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FUNCTIONAL DESCRIPTION 

General. The Z89321 is a high-performance Digital Signal 
Processor with a modified Harvard-type architecture with 
separate program and data memory. The design has been 
optimized for processing power and minimizing silicon 
space. 

Instruction Timing. Many instructions are executed in one 
machine cycle. Long immediate instructions and Jump or 
Call instructions are executed in two machine cycles. 
When the program memory is referenced in internal RAM 
indirect mode, it takes three machine cycles. In addition, 
one more machine cycle is required if the PC is selected as 
the destination of a data transfer instruction. This only 
happens in the case of a register indirect branch instruction . 

An Acc + P => Acc; a(i) * b(j) -» P calculation and 
modification of the RAM pointers, is done in one machine 
cycle. Both operands, a(i) and b(j), can be located in two 
independent RAM (0 and 1) addresses. 

Multiply/Accumulate. The multiplier can perform a 1 6-bit 
x 16-bit multiply or multiply accumulate in one machine 
cycle using the Accumulator and/or both the X and Y 
inputs. The multiplier produces a 32-bit result, however, 
only the 24 most significant bits are saved for the next 
instruction or accumulation. For operations on very small 
numbers where the least significant bits are important, the 
data should first be scaled by eight bits (or the multiplier 
and multiplicand by four bits each) to avoid truncation 
errors. Note that all inputs to the multiplier should be 
fractional two's complement 16-bit binary numbers. This 
puts them in the range [-1 to 0.9999695], and the result is 
in 24 bits so that the range is [-1 to 0.9999999]. In addition, 
if 8000H is loaded into both X and Y registers, the resulting 
multiplication is considered an illegal operation as an 
overflow would result. Positive one cannot be represented 
in fractional notation, and the multiplier will actually yield 
the result 8000H x 8000H = 8000H (-1 x -1 = -1 ). 



ALU. The 24-bit ALU has two input ports, one of which is 
connected to the output of the 24-bit Accumulator. The 
other input is connected to the 24-bit P-Bus, the upper 
1 6 bits of which are connected to the 1 6-bit D-Bus. A shifter 
between the P-Bus and the ALU input port can shift the 
data by three bits right, one bit right, one bit left or no shift. 

Hardware Stack. A six-level hardware stack is connected 
to the D-Bus to hold subroutine return addresses or data. 
The Call instruction pushes PC+2 onto the stack. The RET 
instruction pops the contents of the stack to the PC. 

User Inputs. The Z89321 has two inputs, UIO and UI1, 
which may be used by Jump and Call instructions. The 
Jump or Call tests one of these pins and if appropriate, 
jumps to a new location . Otherwise, the instruction behaves 
like a NOP. These inputs are also connected to the status 
register bits S10 and S11 which may be read by the 
appropriate instruction (Figure 4). 

User Outputs. The status register bits S5 and S6 connect 
directly to UO0 and U01 pins and may be written to by the 
appropriate instruction. 

Interrupts. The Z89321 has three positive edge-triggered 
interrupt inputs. An interrupt is acknowledged at the end of 
any instruction execution. It takes two machine cycles to 
enter an interrupt instruction sequence. The PC is pushed 
onto the stack. A RET instruction transfers the contents of 
the stack to the PC and decrements the stack pointer by 
one word. The priority of the interrupts is INTO = highest, 
INT2 = lowest. 

Registers. The Z89321 has 12 physical internal regis- 
ters and up to eight user-defined external registers. The 
EA2-EA0 determines the address of the external registers. 
The /El, /RDYE, and ER//W signals are used to read or write 
from the external registers. 
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REGISTERS 



There are 12 internal registers 



D a/*i i e fa v 

rieg isier 


rtegisier ueTininon 


p 


Output of Multiplier, 24-Bit 


X 


X Multiplier Input, 16-Bit 


Y 


Y Multiplier Input, 16-Bit 


A 


Accumulator, 24-Bit 


SR 


Status Register, 16-Bit 


Pn:b 


Six Ram Address Pointers, 8-Bit Each 


PC 


Program Counter, 16-Bit 



The following are virtual registers as physical RAM does 
not exist on the chip. 

EXTn External Registers, 16-bit 

BUS D-Bus 

Dn:b Eight Data Pointers 

P holds the result of multiplications and is read-only. 

X and Y are two 16-bit input registers for the multiplier. 
These registers can be utilized as temporary registers 
when the multiplier is not being used. 

A is a 24-bit Accumulator. The output of the ALU is sent to 
this register. When 16-bit data is transferred into this 
register, it goes into the 1 6 MSB's and the least significant 



eight bits are set to zero. Only the upper 16 bits are 
transferred to the destination register when the Accumulator 
is selected as a source register in transfer instructions. 

Pn:b are the pointer registers for accessing data RAM. 
(n=0, 1 ,2 refer to the pointer number) (b=0, 1 refers to RAM 
Bank or 1 ). They can be directly read from or written to, 
and can point to locations in data RAM or Program Memory. 

EXTn are external registers (n=0 to 7). There are eight 
1 6-bit registers here for mapping external devices into the 
address space of the processor. Note that the actual 
register RAM does not exist on the chip, but would exist as 
part of the external device such as an ADC result latch. 

BUS is a read-only register which, when accessed, returns 
the contents of the D-Bus. 

Dn:b refer to possible locations in RAM that can be used 
as a pointer to locations in program memory. The 
programmer decides which location to choose from two 
bits in the status register and two bits in the operand. Thus, 
only the lower 16 possible locations in RAM can be 
specified. At any one time there are eight usable pointers, 
four per bank, and the four pointers are in consecutive 
locations in RAM. For example, if S3/S4 = 01 in the status 
register, then D0:0/D1 :0/D2:0/D3:0 refer to locations 
4/5/6/7 in RAM Bank 0. Note that when the data pointers 
are being written to, a number is actually being loaded to 
Data RAM, so they can be used as a limited method for 
writing to RAM. 
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REGISTERS (Continued) 



N 


OV 


z 


c 


UI1 


UIO 


SH3 


OP 


IE 


U01 


UOO 






RPL 


S15 


S14 


S13 


S12 


S11 


S10 


S9 


S8 


S7 


S6 


S5 


S4 


S3 


S2 


S1 



Ram Pointer 


Loop Size 


000 


256 


001 


2 


1 


4 


01 1 


8 


1 00 


16 


1 1 


32 


1 1 


64 


1 1 1 


128 



■Short Form Direct" bits 
User Output 0-1 
Interrupt Enable 

Overflow protection 

MPY output shifted by 3 bit 

User Input 0-1 Not Writeable 

Carry 
Zero 
Overflow 
Negative 



Figure 4. Status Register 



SR is the status register (Figure 4) which contains the ALU 
status and certain control bits as shown in the following 
table. 

Table 2. Status Register Bit Functions 



Status Register Bit Function 



S15(N) 


ALU Negative 


S14(OV) 


ALU Overflow 


S13(Z) 


ALU Zero 


S12(L) 


Carry 


S11 (UI1) 


User Input 1 


S10(UI0) 


User Input 


S9 (SH3) 


MPY Output Shifted by 3 Bits 


S8 (OP) 


Overflow Protection 


S7 (IE) 


Interrupt Enable 


S6 (U01) 


User Output 1 


S5 (UOO) 


User Output 


S4-S3 


"Short Form Direct" Bits 


S2-S0 (RPL) 


RAM Pointer Loop Size 



Table 3. RPL Description 



S2 


S1 


so 


Loop Size 











256 








1 


2 





1 





4 





1 


1 


8 


1 








16 


1 





1 


32 


1 


1 





64 


1 


1 


1 


128 



The status register may always be read in its entirety. S15- 
S10 are set/reset by the hardware and can only be read by 
software. S9-S0 can be written by software. 
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S1 5-S1 2 are set/reset by the ALU after an operation. S11- 
S1 are set/reset by the user inputs. S6-S0 are control bits 
described elsewhere. S7 enables interrupts. S8, if (reset), 
allows the hardware to overflow. If S8 is set, the hardware 
clamps at maximum positive or negative values instead of 
overflowing. If S9 is 0, the shifter shifts data one bit left or 
right. If S9 is set and a shift is called for on a multiply 



instruction, then the shifter shifts the result three bits right 
instead of one bit right. 

PC is the Program Counter. When this register is assigned 
as a destination register, one NOP machine cycle is added 
automatically to adjust the pipeline timing. 



RAM ADDRESSING 



The address of the RAM is specified in one of three ways 
(Figure 5): 



RAMO 



RAM Pointers %FF 



P0:0 



P1:0 | %37 t ~ 
P2:0 | | 



RAMI 




%FF 



@@P1:0 



RAM Pointers 

I I P0:1 

IZZI -1 

I I P2:1 



%04 ■*- 



S4 / S3 = 01 



%00 



Data Pointers 





%0321 















D0:1- 
D1:1 
D2:1 
D3:1 



@D0:1 



Both of theFollowing 
Instructions Load %1 234 
into the Accumulator. 

LD A,«®P1:0 
LD A,@D0:1 



Figure 5. RAM, ROM, and Pointer Architecture 



Register Indirect 

Pn:b n=0-2, b=0-1 

The most commonly used method is a register indirect 
addressing method, where the RAM address is specified 
by one of the three RAM address pointers (n) for each bank 
(b). Each source/destination field in Figures 6 and 9 may 
be used by an indirect instruction to specify a register 
pointer and its modification after execution of the instruction. 



b 






n1 


no 


D8 


D3 


D2 


D1 


DO 









RAM Pointer Register 

Operation 

RAM Bank 



Figure 6. Indirect Register 
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RAM ADDRESSING (Continued) 

The register pointer is specified by the first and second bits 
in the source/destination field and the modification is 
specified by the third and fourth bits according to the 
following table: 



D3-D0 




Meaning 


OOxx 


NOP 


No Operation 


01xx 


+ 1 


Simple Increment 


10xx 


-1/LOOP 


Decrement Modulo the Loop Count 


11 XX 


+ 1/LOOP 


Increment Modulo the Loop Count 


xxOO 


P0:0or P0:1 


See Note a 


xx01 


P1:0or P1:1 


See Note a 


xx10 


P2:0 or P2:1 


See Note a 


XX11 




See Short Form Direct 


Notes: 



a. If bit 8 is zero, P0:0 to P2:0 are selected; if bit 8 is one, P0:1 to P2:1 
are selected. 



When LOOP mode is selected, the pointer to which the 
loop is referring will cycle up or down, depending on 
whether a -LOOP or +LOOP is specified. The size of the 
loop is obtained from the least significant three bits of the 
Status Register. The increment or decrement of the register 
is accomplished modulo the loop size. As an example, if 
the loop size is specified as 32 by entering the value 101 
into bits 2-0 of the Status Register (S2-S0) and an increment 
+LOOP is specified in the address field of the instruction, 
i.e., the RPi field is 1 1xx, then the register specified by RPi 
will increment, but only the least significant five bits will be 
affected. This means the actual value of the pointer will 
cycle round in a length 32 loop, and the lowest or highest 
value of the loop, depending on whether the loop is up or 
down, is set by the three most significant bits. This allows 
repeated access to a set of data in RAM without software 
intervention. To clarify, if the pointer value is 10101001 and 
if the loop=32, the pointer increments up to 10111111, 
then drops down to 10100000 and starts again. The upper 
three bits remain unchanged. Note that the original value 
of the pointer is not retained. 



Direct Register 

The second method is a direct addressing method. The Figures 9 to 14 show the different register instruction 
address of the RAM is directly specified by the address formats along with the two tables below Figure 9. 
field of the instruction. Because this addressing method 
consumes nine bits (0-511) of the instruction field, some 
instructions cannot use this mode (Figure 7). 



h 


D14 


D13 


D12 


m 


m 


D9 


08 


D7 


D6 


D5 


D4 


D3 


* 




DO | 



RAM Address 

Opcode 

Figure 7. Direct Internal RAM Address Format 



Short Form Direct 

Dn:b n = 0-3, b = 0-1 

The last method is called Short Form Direct Addressing, 
where one out of 32 addresses in internal RAM can be 
specified. The 32 addresses are the 1 6 lower addresses in 
RAM Bank and the 16 lower addresses in RAM Bank 1 . 
Bit 8 of the instruction field determines RAM Bank or 1 . 
The 1 6 addresses are determined by a4-bit code comprised 
of bits S3 and S4 of the status register and the third and 
fourth bits of the Source/Destination field. Because this 
mode can specify a direct address in a short form, all of the 
instructions using the register indirect mode can use this 
mode (Figure 8). This method can access only the lower 1 6 
addresses in the both RAM banks and as such has limited 
use. The main purpose is to specify a data register, located 



in the RAM bank, which can then be used to point to a 
program memory location. This facilitates down-loading 
look-up tables etc. from program memory to RAM. 



b 


n3 


r>2 


n1 


nO 


| D8 


S4 


S3 


D3 


D2 | 



RAM Address 



RAM 
Bank 



Figure 8. Short Form Direct Address 
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INSTRUCTION FORMAT 



ID1S 


014 


D13 


D12 |D11 


D10 


D9 


D8 




06 


D5 


04 


D3 


D2 


D1 1 DO 1 









Note: 

Source/Destination fields can specify either register or 
RAM addresses in RAM pointer indirect mode. 



Source field 
Destination field 
RAM Bank selection 
Opcode 



Figure 8. General Instruction Format 



Table 4. Registers 



Source/Destination Register 



0000 BUS 

0001 X 

0010 Y 

0011 A 



0100 SR 

0101 STACK 

0110 PC 

01 1 1 P" 



1000 EXTO 

1001 EXT1 

1010 EXT2 

1011 EXT3 



1100 EXT4 

1101 EXT5 

1110 EXT6 

1111 EXT7 



Table 5. Register Pointers Field 


Source/Destination 


Meaning 


OOxx 


NOP 


01xx 


+1 


10xx 


-1/LOOP 


11xx 


+1/LOOP 


xxOO 


P0:0 or P0:1* 


xx01 


P1:0or P1:1* 


xx10 


P2:0or P2:1* 


XX11 


Short Form Direct Mode 



Notes: 



If RAM Bank bit is 0, then Pn:0 are selected. 
If RAM Bank bit is 1, then Pn:1 are selected. 
" Read only. 

*"" When the short form direct mode is selected, 00000-01 1 1 1 
or 10000-1 1 1 1 1 are used as RAM addresses. 



bi5 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 1 





Short Immediate Data 

Reg. Pointer 

P0:0 

001 P1:0 

1 P2:0 

01 1 NA 

1 P0:1 

101 P1:1 

1 1 P2:1 

111 NA 

Opcode 
1 1 



Figure 10. Short Immediate Data Load Format 
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INSTRUCTION FORMAT (Continued) 



|D15 |D14 |D13 


D12 


D11 |D10 


D9 


D8 






D5 


D4 


D3 


D2 


0, 


DO 





General Instruction Format 



Idis 


D14 


D13 


D12 |D11 


D10 




D8 


D7 


D6 


D5 






D2 









Immediate Data 



Figure 11. Immediate Data Load Format 



D15 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


- 


D6 


D5 


D4 


03 


D2 


D1 


DO | 



ACC Modification Codes 

ROR Rotate right 

1 ROL Rotate left 

010 SHR Shift right 

011 SHL Shift left 

010 INC Increment (LSB) 

0101 DEC Decrement (LSB) 

0110 NEG Negate 

0111 ABS Absolute 

Condition Codes 
00 TRUE 
1 — 

0010 U01=0 

0011 UO1=0 

1 C =0 
0101 Z=0 

0110 ov=o 

0111 N=0 

1 XXX 

TRUE 

1 

0010 U00=1 

0011 U01=1 
010 C=1 
0101 Z=1 

0110 OV=1 

0111 N=1 

1 XXX 

= Negative Condition 

1 = Positive Condition 

Opcode 
1001000 



Figure 12. Accumulator Modification Format 
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D15 



D14 



D13 



D12 



D 11 



D10 



09 



D8 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



DO I 1st Word 



Condition Codes 

0000 TRUE 

0001 — 

010 UO0=O 

001 1 U01=0 
1 C=0 
0101 Z=0 

0110 ov=o 

0111 N=0 

1 xxx 

00 TRUE 

0001 

010 UO0=1 
0011 1101=1 
010 C=1 
0101 Z=1 

0110 OV=1 

0111 N=1 

1 xxx 



Condition 

cs Negative 
Condition 

1 = Positive Condition 

Opcode 

0100110 

Branch 

01 01 Call 



D15 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



2nd Word 



Branch Address 

Figure 13. Branching Format 



D15ID14 


D13 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 I D3 I D2 I D1 


.1 







xx1 

XX1 1 

x1 xO 

X 1 X 1 

1 xxO 
1xx1 



Reset C flag 
Set C flag 
Reset IE Flag 
(Interrupt enable) 
Set IE Flag 
Reset OP Flag 
(Overflow protection) 
Set OP Flag 



Opcode 

1 1 1 Mod 



Figure 14. Flag Modification Format 
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ADDRESSING MODES 



This section discusses the syntax of the addressing modes 
supported by the DSP assembler. The symbolic name is 



used in the discussion of instruction syntax in the instruction 
descriptions. 



Table 5. Addressing Modes 



OylllUUlllr l^alllc 


oy i ltd a 




<pregs> 


Pn:b 


Pointer Register 


<dregs> 
(Points to RAM) 


Dn:b 


Data Register 


<hwregs> 


X,Y,PC,SR,P 
FxTn A Rl l<? 

LA 1 1 l { H,DUO 


Hardware Registers 


<.a\j\j\ \ IU> 

(Points to Program Memory) 




Ai^pi imi ilatnr Momnn/ InHiror't 

nOUUI 1 IU IdLUI fVlclMUly MIUMcUL 


<direct> 


<expression> 


Direct Address Expression 


<limm> 


#<const exp> 


Long (16-bit) Immediate Value 


<simm> 


#<const exp> 


Short (8-bit) Immediate Value 


<regind> 
(Points to RAM) 


@Pn:b 
@Pn:b+ 
@Pn:b-LOOP 
@Pn:b+LOOP 


Pointer Register Indirect 
Pointer Register Indirect with Increment 
Pointer Register Indirect with Loop Decrement 
Pointer register Indirect with Loop Increment 


<memind> 

(Points to Program Memory) 


@@Pn:b 
@Dn:b 

@@Pn:b-LOOP 
@@Pn:b+LOOP 
@@Pn:b+ 


Pointer Register Memory Indirect 
Data Register Memory Indirect 

Pointer Register Memory Indirect with Loop Decrement 
Pointer Register Memory Indirect with Loop Increment 
Pointer Register Memory Indirect with Increment 



There are eight distinct addressing modes for transfer of 
data (Figure 5 and Table 5). 

<pregs>, <hwregs>. These two modes are used for simple 
loads to and from registers within the chip such as loading 
to the Accumulator, or loading from a pointer register. The 
names of the registers need only be specified in the 
operand field. (Destination first then source.) 

<regind>. This mode is used for indirect accesses to the 
data RAM. The address of the RAM location is stored in the 



pointer. The "@" symbol indicates "indirect" and precedes 
the pointer, so @P1 : 1 tells the processor to read or write to 
a location in RAMI , which is specified by the value in the 
pointer. 

<dregs>. This mode is also used for accesses to the data 
RAM but only the lower 1 6 addresses in either bank. The 
4-bit address comes from the status register and the 
operand field of the data pointer. Note that data registers 
are typically used not for addressing RAM, but loading 
data from program memory space. 
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<memind>. This mode is used for indirect, indirect accesses 
to the program memory. The address of the memory is located 
in a RAM location, which is specified by the value in a pointer. 
So @@P1 :1 tells the processor to read (write is not possible) 
from a location in memory, which is specified by a value in 
RAM, and the location of the RAM is in turn specified by the 
value in the pointer. Note that the data pointer can also be 
used for a memory access in this manner, but only one "@" 
precedes the pointer. In both cases the memory address 
stored in RAM is incremented by one each time the addressing 
mode is used to allow easy transfer of sequential data from 
program memory. 

<accind>. Similar to the previous mode, the address for 
the program memory read is stored in the Accumulator. 
@A in the second operand field loads the number in 
memory specified by the address in A. 



<direct>. The direct mode allows read or write to data 
RAM from the Accumulator by specifying the absolute 
address of the RAM in the operand of the instruction. A 
number between and 255 indicates a location in RAMO, 
and a number between 256 and 51 1 indicates a location in 
RAMI. 

<limm>. This indicates a long immediate load. A 16-bit 
word can be copied directly from the operand into the 
specified register or memory. 

<simm>. This can only be used for immediate transfer of 
8-bit data in the operand to the specified RAM pointer. 



CONDITION CODES 

The following defines the condition codes supported by the 
DSP assembler. If the instruction description refers to the 



<cc> (condition code) symbol in one of its addressing 
modes, the instruction will only execute if the condition is true. 



Name 


Description 




Name 


Description 


C 


Carry 




NU1 


Not User One 


EQ 


Equal (same as Z) 




NZ 


Not zero 


F 


False 




OV 


Overflow 


IE 


Interrupts Enabled 




PL 


Plus (Positive) 


Ml 


Minus 




uo 


User Zero 


NC 


No Carry 




U1 


User One 


NE 


Not Equal (same as NZ) 




UGE 


Unsigned Greater Than or 


NIE 


Not Interrupts Enabled 






Equal (Same as NC) 


NOV 


Not Overflow 




ULT 


Unsigned Less Than (Same as C) 


NUO 


Not User Zero 




Z 


Zero 







— - 
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INSTRUCTION DESCRIPTIONS 



Inst. 


Description 


Synopsis 


Operands 


Words 


Cycles 


Examples 


ABS 


Absolute Value 


ABS[<co,]<src> 


<co,A 
A 




1 
1 


ABS NC,A 
ABS A 


ADD 


Addition 


ADD<dest>,<src> 


A,<pregs> 

A,<dregs> 

A,<limm> 

A,<memind> 

A,<direct> 

A,<regind> 

A,<hwregs> 




1 
1 
2 
3 
1 
1 
1 


ADD A,#1 28 
ADD AD0:1 
ADD A,@@L00P 
ADD A,@P2:1+ 
ADD A,X 


AND 


Bitwise AND 


AND<riest> <src> 


A <nrpns> 

A,<dregs> 

A,<limm> 

A,<memind> 

A,<direct> 

A,<regind> 

n,si iwicyo^ 


I 
] 
] 


1 
1 
2 
3 
1 

1 
1 


AND A #128 
AND A,D0:1 

AND A,@@PO:0+LOOP 
AND A,@P2:1 + 

AND A,X 


PA| 1 


Qi ihrni itinp rail 

OUUI UUllI IC Will 




<direct> 




c 

2 




t- 
2 


TAI I <;iih1 

CALLZ,sub2 


CCF 


Clear carry flag 


CCF 


None 






CCF 


CIEF 


Clear Carry Flag 


CIEF 


None 






CIEF 


COPF 


Clear OP flag 


COPF 


None 






COPF 


CP 


ComDarison 


CP<src1 >,<src2> 


A <nrens> 

A,<dregs> 

A,<memind> 

A,<direct> 

A,<regind> 

A,<hwregs> 


! 
j 


I 
j 


CP A POO 
CP A,D3:1 
CP A,#512 
CP A,@@P0:1 
CP A.LABEL 
CP A,@D0:0 
CP A,X 


DEC 


Decrement 


DEC [<co,]<dest> 


<cc>A, 
A 






DEC NZ,A 
DEC A 


INC 


Increment 


INC [<cc>,] <dest> 


<co,A 
A 






INC NZ,A 
INC A 


JP 


Jump 


JP [<co,]<address> 


<co,<direct> 
<direct> 


2 
2 


2 
2 


JP NIE.Label 
JP Label 
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Inst. Description Synopsis Operands Words Cycles Examples 



LU 


• • 

Load destination LD<dest>,<sro 


A,<hwregs> 


3 ] 


LU A,A 




Willi bUUILc 


A wironcx 
n,<Ulcyo> 




i n a nn-n 






A ^nroncv 

M,<picyc>> 


1 , 


i n a pn-1 






n,<lcLj||IU> 


1 1 


i n a <anaipi-i 






M,<i I lei 1 In IU> 


1 ? 


i n a MFWAnnp. 

lu n,ivicivinuun 








1 1 


i n MFMAnnR a 

lu iviLivinuun,n 






■cHirppt-s A 


1 1 


i n nn-1 a 

lu uu. i ,n 






<.uicyo>,si i w i cyo.> 


, 1 


i n pi-o#i?r 

lu r i .uff i c.0 








, , 


LUr 1 . 1 ,A 






spicy o>,si iwicyo> 


, 1 


lu'w/i u.u+Luur ,# i £04 






<rcyiiiu>,<iiiiifii> 




LU <fcyr I . l+,A 






<i cyn iu>,<.i iwi cya> 




i n y pnn 

LU A.rU.U 






si iwi cyo^jSiJi cyo.^ 


1 1 


LD Y,P0:0 






<hwregs>,<dregs> 




LD SR,#%1023 






<hwregs>,<limm> 


2 2 


LD PC,(A) 






<hwregs>,<accind> 


1 3 


LD X,@@P0:0 






<hwregs>,<memind> 


1 3 


LDY,@P1:0-L00P 






<hwregs>,<regind> 


1 1 


LDSR.X 






<hwregs>,<hwregs> 


1 1 





Note: When <dest> is <hwregs>, <dest> cannot be P. 
Note: When <dest> is <hwregs> and <src> is <hwregs>, <dest> cannot be EXTn 
if <src> is EXTn, <dest> cannot be X if <src> is X, <dest> cannot be SR if <src> 
is SR. 

Note: When <src> is <accind> <dest> cannot be A. 



MLD Multiply MLD<srcl>,<srcl>[,<bank switch>] <hwregs>,<regind> 1 

<hwregs>,<regind>,<bankswitch> 1 

<regind>,<regind> 1 

<regind>,<regind>,<bankswitch> 1 



1 MLD A@P0:0 

1 MLDA@P1:0,OFF 

1 MLD@P1:1,@P2:0 

1 MLD@P0:1,@P1:0,ON 



Note: If srd is <regind> it must be a bank 1 register. Src2's <regind must be a 
bank register. 

Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <band switch> defaults to OFF. 
For the operands <regind>, the <bank switch> defaults to ON. 



MPYA Multiply and add MPYA <srcl>,<src2>[,<bank switch>] <hwregs>,<regind> 1 1 MPYAA@P0:0 

<hwregs>,<regind>,<bank switch> 1 1 MPYA A,@P1:0,OFF 

<regind>,<regind> 1 1 MPYA @P1:1 ,@P2:0 

<regind>,<regind>,<bank switch> 1 1 MPYA@P0:1,@P1:0,ON 



Note: If srd is <regind> it must be a bank 1 register. Src2's <regin 
bank register. 

Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <bank switch> defaults to 
OFF. For the operands <regind>, the <bank switch> defaults to ON. 
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INSTRUCTION DESCRIPTIONS (Continued) 



Inst. Description Synopsis 

MPYS Multiply and 
subtract 



Operands Words Cycles Examples 

1 MPYSA,@P0:0 

1 MPYS A,@P1:0,OFF 

1 MPYS@P1:1,@P2:0 

1 MPYS@P0:1,@P1:0,ON 

Note: If srd is <regind> it must be a bank 1 register. Src2's <regind> must 

be a bank register. 

Note: <hwregs> for srd cannot be X. 

Note: For the operands <hwregs>, <regind> the <bank switch> defaults to 
OFF. For the operands <regind>, <regind> the <bank switch> defaults to ON. 



MPYS<src1>,<src2>[,<bankswitch>] 



<hwregs>,<regind> 1 

<hwregs>,<regind>,<bank switch> 1 

<regind>,<regind> 1 

<regind>,<regind>,<bank switch> 1 



NEG Negate 


NEG <co,A 


<cc>, A 


1 1 


NEG NZ,A 






A 


1 1 


NEG A 


NOP No operation 


NOP 


None 


1 1 


NOP 


OR Bitwise OR 


OR <dest>,<src> 


A, <pregs> 


1 1 


OR A,#128 






A, <dregs> 


1 1 


OR A, D0:1 






A, <limm> 


2 2 


ORA,@@PO:0+LOOP 






A, <memind> 


1 3 


OR A,@P2:1+ 






A, <direct> 


1 1 


ORA.X 






. . . 
a, <regmo> 


■i 1 








n, si IWI Cyo> 


i i 

i i 




POP Pop value 


pop <dest> 


<pregs> 


1 1 


POP PO:0 


from stack 




<pregs> 


1 1 


POP D0:1 






<regind> 


1 1 


POP @P0:0 






<hwregs> 


1 1 


POP A 










POP BUS 


PUSH Push value 


PUSH <src> 


<pregs> 


1 1 


PUSH P0:0 


onto stack 




<dregs> 


1 1 


PUSH D0:1 






<regind> 


1 1 


PUSH @P0:0 






<hwregs> 


1 1 


PUSH A 






<limm> 


2 2 


PUSH BUS 






<accind> 


1 3 


PUSH #12345 






<memind> 


1 3 


PUSH @A 










PUSH @@P0:0 


RET Return from subroutine 


RET 


None 


1 2 


RET 


RL Rotate Left 


RL <co,A 


<CC>,A 


1 1 


RL NZ,A 






A 


1 1 


RL A 












RR Rotate Right 


RR <co,A 


<cc>,A 


1 1 


RR NZ,A 






A 


1 1 


RR A 
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Inst. 


Description 


Synopsis 


Operands 


Words Cycles Examples 


SCF 


Set C flag 


SCF 


None 


1 


1 SCF 


SIEF 


Set IE flag 


SIEF 


None 


1 


1 SIEF 


CI 1 

oLL 


Chitt loft 

on in ien 


CI 1 


r ta 

[<cc>,]A 




1 


1 SLL NZ,A 




logical 




A 


1 


1 SLL A 


oUrr 


Cot HP flan 
del Ur 1 lay 


oUrr 


M 

None 


1 


1 SOPF 


SRA 


Shift right 


SRA<co,A 


<cc>,A 


1 


1 SRA NZ.A 




arithmetic 




A 


1 


1 SRA A 


SUB 


Subtract 


SUB<dest>,<src> 


A,<pregs> 


1 


1 SUB A,#128 








A,<dregs> 


1 


1 SUBA,D0:1 








A,<limm> 


2 


2 SUBA,@@P0:0+LOOP 








A, <memind> 


1 


3 SUBA,@P2:1+ 








A, <direct> 


1 


1 SUB A,X 








A, <regind> 


1 


1 








A, <hwregs> 


1 


1 


XOR 


Bitwise exclusive OR 


XOR <dest>,<src> 


A, <pregs> 


1 


1 XOR A,#128 








A, <dregs> 


1 


1 XOR A,D0:1 








n, ^.i ii i in 


2 


2 XORA,@@P0:0+LOOP 








A, <memind> 


1 


3 X0RA,@P2:1+ 








A, <direct> 


1 


1 XORA.X 








A, <regind> 


1 










A, <hwregs> 


1 





Bank Switch Enumerations. The third (optional) operand 
of the MLD, MPYA and MPYS instructions represents 
whether a bank switch is set on or off. To more clearly 
represent this two keywords are used (ON and OFF) which 
state the direction of the switch. These keywords are 
referred to in the instruction descriptions via the <bank 
switch> symbol. 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Description 


Min 


Max 


Units 


V 

v cc 


Supply Voltage (*) 


-0.3 


+7.0 


V 


"'"sTG 


Storage Temp 


-65° 


+ 150° 


c 


T A 


Oper Ambient Temp 




t 


c 



Notes: 

* Voltage on all pins with respect to GND. 
t See Ordering Information. 



Stresses greater than those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This 
is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended period may affect 
device reliability. 



STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to ground. 
Positive current flows into the referenced pin (Figure 15.) 



+5V 



2.1 Kfl 



From Output 
Under Test 



-W- 



150 pF ^ 



9.1 KS2 



Figure 15. Test Load Diagram 



DC ELECTRICAL CHARACTERISTICS 

(V DD = 5V ±10%, T A = -40°C to +105°C unless otherwise specified) 



Symbol 


Parameter 


Condition 


Min. 


Max. 


Units 


'dd 


Supply Current 


V DD = 5.25V 




60 


mA 




fclock= 10 MHz 








'dc 


DC Power Consumption 


V DD = 5.25V 


1 


5 


mA 




Input High Level 




0-9 V DD 




V 




Input Low Level 




0-1 v DD 


V 


IL 


Input Leakage 






1 


MA 


^OH 


Output High Voltage 


I oh =-100llA 


V DD -0.2 




V 




Output Low Voltage 


l 0L = 0.5 mA 


0.5 


V 


w 


Output Floating Leakage Current 




5 


llA 
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AC ELECTRICAL CHARACTERISTICS 

(V DD = 5V ±10%, T A = -40°C to +105°C unless otherwise specified) 


Symbol 


Parameter 


Min. 


Max. 


Units 


TCY 
PWW 
Tr 
Tf 


Clock Cycle Time 
Clock Pulse Width 
Clock Rise Time* 
Clock Fall Time* 


100 
45 

2 
2 


1000 

4 
4 


ns 
ns 
ns 
ns 


TEAD 
TXVD 
TXWH 
TXRS 


EA.ER//W Delay from CK 
EXT Data Output Valid from CK 
EXT Data Output Hold from CK 
EXT Data Input Setup Time 


15 
5 
15 
15 


25 
25 


ns 
ns 
ns 
ns 


TXRH 
TIED 
RDYS 
RDYH 


EXT Data Input Hold from CK 
/El Delay Time from CK 
Ready Setup Time 
Ready Hold Time 




10 



15 
5 


ns 
ns 
ns 
ns 
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AC TIMING DIAGRAM 



CK 



/El 



EXT (15:0) 



EA (2:0) i 



/RDYE 





T( 

PWW * 


;y * 








TIED 














TIED 








EXT Bus: 
Output 






























//////A 

7/////D 


Wt 

Will 


(if flit 




f Valid 
^ Data Out 


) 


V//// /////////// 
(//////////////// 














WM 




t 


Valid Address Out 




W/////////M 










TEAD 










RDYS 


R 


DYH 



Figure 16. WRITE to external device timing 



CK 



/El 



EXT (15:0) 



EA (2:0) 



■ TCY 



'//////////A 



EXT Bus: 
Input 



Valid 
Data In 



Valid Address Out 



)WMMMl 



W/////////M 



Figure 17b. READ from external device timing 
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PACKAGE INFORMATION 



Tnp view 



di 



i 



048/042 




1. CONTROLLING DIMENSIONS i INCH 

2. LEADS ARE COPLANAR WITHIN .004 IN. 

3. DIMENSION . MM 

INCH 



SYMBOL 


MILLIMETER 


INCH 


MIN 


MAX 


MIN 


MAX 


A 


4.27 


4.57 


.168 


.180 


Al 


2.67 


2.92 


105 


115 


D/E 


17,40 


17.65 


685 


.695 


DI/E1 


16.51 


16.66 


.650 


.656 


D2 


15.24 


16.00 


.600 


.630 


B 


1.27 TYP 


050 TYP 



44-Pin PLCC Package Diagram 
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ORDERING INFORMATION 



Z89321 

10 MHz 

44-pin PLCC 
289321 10VSC 
Z8932110VEC 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

Package 

V = Plastic PLCC 

Temperature 

S = 0°C to +70°C 
E = -40°C to+105°C 

Speed 

10 = 10 MHz 

Environmental 

C = Plastic Standard 

Example: 

Z Z89321 10 V S C is a Z89321 10 MHz, PLCC, 0°C to +70°C, Plastic Standard Flow. 



L 



Environmental Flow 
Temperature 
Package 
Speed 

Product Number 
Zilog Prefix 
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Databooks 



Z8 Microcontrollers Databook (includes the following documents) 

Z8 CMOS Microcontrollers 

Z86C00/C10/C20 MCU OTP Product Specification 

Z86C06 Z8 CCP"* Preliminary Product Specification 

Z86C08 8-Bit MCU Product Specification 

Z86E08 Z8 OTP MCU Product Specification 

Z86C09/19 Z8 CCP Product Specification 

Z86E19 Z8 OTP MCU Advance Information Specification 

Z86C11 Z8 MCU Product Specification 

Z86C12 Z8 ICE Product Specification 

Z86C21 Z8 MCU Product Specification 

Z86E21/Z86E22 OTP Product Specification 

Z86C30 Z8 CCP Product Specification 

Z86E30 Z8 OTP CCP Product Specification 

Z86C40 Z8 CCP Product Specification 

Z86E40 Z8 OTP CCP Product Specification 

Z86C27/97 Z8 DTC™ Product Specification 

Z86127 Low-Cost Digital Television Controller Adv. Info. Spec. 

Z86C50 Z8 CCP ICE Advance Information Specification 

Z86C61 Z8 MCU Advance Information Specification 

Z86C62 Z8 MCU Advance Information Specification 

Z86C89/C90 CMOS Z8 CCP Product Specification 

Z86C91 Z8 ROMIess MCU Product Specification 

Z86C93 Z8 ROMIess MCU Preliminary Product Specification 

Z86C94 Z8 ROMIess MCU Product Specification 

Z86C96 Z8 ROMIess MCU Advance Information Specification 

Z88C00 CMOS Supers MCU Advance Information Specification 

Z8 NMOS Microcontrollers 

Z8600 Z8 MCU Product Specification 

Z8601/03/11/13 Z8 MCU Product Specification 

Z8602 8-Bit Keyboard Controller Preliminary Product Spec. 

Z8604 8-Bit MCU Product Specification 

Z8612 Z8 ICE Product Specification 

Z8671 Z8 MCU With BASIC/Debug Interpreter Product Spec. 

Z8681/82 Z8 MCU ROMIess Product Specification 

Z8691 Z8 MCU ROMIess Product Specification 

Z8800/01/20/22 SuperS ROMIess/ROM Product Specification 



Part No Unit Cost 



DC-8275-04 5.00 

Peripheral Products 

Z86128 Closed-Captioned Controller Adv. Info. Specification 
Z765A Floppy Disk Controller Product Specification 
Z5380 SCSI Product Specification 
Z53C80 SCSI Advance Information Specification 

28 Application Notes and Technical Articles 

Zilog Family On-Chip Oscillator Design 

Z86E21 Z8 Low Cost Thermal Printer 

Z8 Applications for I/O Port Expansions 

Z86C09/19 Low Cost Z8 MCU Emulator 

Z8602 Controls A 101/102 PC/Keyboard 

The Z8 MCU Dual Analog Comparator 

The Z8 MCU In Telephone Answering Systems 

Z8 Subroutine Library 

A Comparison of MCU Units 

Z86xx Interrupt Request Registers 

Z8 Family Framing 

A Programmer's Guide to the Z8 MCU 
Memory Space and Register Organization 

Supers Application Notes and Technical Articles 

Getting Started with the Zilog SuperS 

Polled Async Serial Operations with the Super8 

Using the Super8 Interrupt Driven Communications 

Using the Super8 Serial Port with DMA 

Generating Sine Waves with Supers 

Generating DTMF Tones with Super8 

A Simple Serial Parallel Converter Using the Super8 

Additional Information 

Z8 Support Products 

Zilog Quality and Reliability Report 

Literature List 

Package Information 

Ordering Information 
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Z8®/SUPER8™ MICROCONTROLLER FAMILY (Continued) 



Databooks Part No Unit Cost 



Digital Signal Processor Databook (includes the following documents) DC-8299-01 3.00 

Z89C00 16-Bit Digital Signal Processor Preliminary Product Specification 
Z89C00 DSP Application Note "Understanding Q1 5 Two's Complement Fractional Multiplication" 
Z89120, Z89920 (ROMIess) 16-Bit Mixed Signal Processor Preliminary Product Specification 
Z89121, Z89921 (ROMIess) 16-Bit Mixed Signal Processor Preliminary Product Specification 
Z89320 16-Bit Digital Signal Processor Preliminary Product Specification 
Z89321 16-Bit Digital Signal Processor Advance Information Specification 



Telephone Answering Device Databook (includes the following documents) 

Z89C65, Z89C66 (ROMIess) Dual Processor T.A.M. Controller Preliminary Product Specification 
Z89C67, Z89C68 (ROMIess) Dual Processor Tapeless T.A.M. Controller Preliminary Product Specification 

Infrared Remote (IR) Control Databook (includes the following documents) 

786I 06 1 nw Voltanp CMOS Cnnsumpr Controller Processor Prpliminarv Product Soecifiration 
Z86L29 6K Infrared (IR) Remote (ZIRCT) Controller Advance Information Specification 
Z86L70/L71/L72, Z86E72 Zilog IR (ZIRC^ CCP™ Controller Family Preliminary Product Specification 


DC-8300-01 
DC-8301-01 


3.00 
3.00 


Z8 Product Specifications, Technical Manuals and Users Guides 


Dor* Ma 

ran no 


unit uost 


£oobio un/iUo Lo u i r microcontroller rrenminary rrouuci opecincation uu-^oyo-uu n/u 






ZooL27/97 lo D 1 L Product Specitication and Addendum 


no occi n-i 


N/L 


Z86127 Low-Cost Digital Television Controller Preliminary Product Specification 




N/L 


Z86227 40-Pin Low-Cost Digital Television Controller Preliminary Product Specification and Addendum 


nf onm nn 


N/L 


ZBbLbl/b2/9b UMUb Zo Microcontroller Preliminary Product bpecitication 


nr oco7 nn 


N/L 


LabLiJi LMUb Z8 HUMless Microcontroller Product bpecitication 


nr ocno no 


N/L 


Z8bL70/71/72, Z86E72 Zilog IR (ZIRC j Controller Family Preliminary Product bpecitication 


nr* icon nn 
D0-2o2U-UU 


N/L 


Z88C00 CMOS Super8 ROMIess Microcontroller Preliminary Product Specification 


occi nn 


N/L 


Z8604 NMOS Z8 8-Bit Microcontroller Preliminary Product Specification 


np noA no 


N/L 


£oDi 4 NMUb Zo o-Dit MLU Keyboard controller preliminary product bpecitication 


np 0C7C nn 


N/L 


Z86128 Closed-Captioned Controller Preliminary Product Specification and Addendum 


r\r> oc7n nn 

DC-2570-01 


N/C 


786017 PCMCIA Ariantor Chin Advance Information Snpcifiratinn 


DC-2643-0A 


N/C 


Z8 OTP CMOS One-Time-Programmable Microcontrollers Addendum 


DC-2614-AA 


N/C 


asm S8 Super8/Z8 Cross Assembler User's Guide 


DC-8267-05 


3.00 


Z8 Microcontrollers Technical Manual 


DC-8291-02 


5.00 


Z86018 Preliminary User's Manual 


DC-8296-00 


N/C 


Ditigal TV Controller User's Manual 


DC-8289-01 


3.00 


Z8 Application Notes 


Part No 


Unit Cost 


The Z8 MCU In Telephone Answering Systems 


DC-2514-01 


N/C 


Z8602 Controls A 101/102 PC/Keyboard 


DC-2601-01 


N/C 


The Z8 MCU Dual Analog Comparator 


DC-2516-01 


N/C 


Z86C09/19 Low Cost Z8 MCU Emulator 


DC-2537-01 


N/C 


Z8 Applications for I/O Port Expansions 


DC-2539-01 


N/C 


Z86E21 Z8 Low Cost Thermal Printer 


DC-2541-01 


N/C 


Zilog Family On-Chip Oscillator Design 


DC-2496-01 


N/C 


Using the Zilog Z86C06 SPI Bus 


DC-2584-01 


N/C 


Interfacing LCDs to the Z8 


DC-2592-01 


N/C 


X-10 Compatible Infrared (IR) Remote Control 


DC-2591-01 


N/C 


Z86C17 In-Mouse Applications 


DC-3001-01 


N/C 


Z86C40/E40 MCU Applications Evaluation Board 


DC-2604-01 


N/C 


Z86C08/C1 7 Controls A Scrolling LED Message Display 


DC-2605-01 


N/C 


Z86C95 Hard Disk Controller Flash EPROM Interface 


DC-2639-01 


N/C 


Timekeeping with Z8; DTMF Tone Generation; Serial Communication Using the CCP Software UART 


DC-2645-01 


N/C 
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Literature Guide 


Z80®/Z8000® CLASSIC FAMILY OF PRODUCTS 


Z80®/Z18(T/Z280®/Z8000®and Datacom Family 


Part No Unit Cost 


Volume I Databook 

Microprocessors and Peripherals 
Discrete Z8IP Family 


DC-2610-01 5.00 



Z8400/C00 NM0S/CM0S Z80® CPU Product Specification Technical Articles 

Z8410/C10 NM0S/CM0S Z80 DMA Product Specification Z80 Questions and Answers 

Z8420/C20 NMOS/CMOS Z80 PIO Product Specification Z180 Questions and Answers 

Z8430/C30 NMOS/CMOS Z80 CTC Product Specification SCC Questions and Answers 

Z8440/Z84C40 NMOS/CMOS Z80 SIO Product Specification ESCC Questions and Answers 

ISCC Questions and Answers 

Embedded Controllers 

Z84C01 Z80 CPU with CGC Product Specification Additional Information 

Z84C50 RAM80™ Preliminary Product Specification Superintegration Products Guide 

Z8470 Z80 DART Product Specification Support Product Summary 

Z84C90 CMOS Z80 KI0 1 * Product Specification Product Support 

Z84011/C11 PIO Parallel I/O Product Specification Military Qualified Products 

Z84013/015 Z84C13/C15 IPC/EIPC™ Product Specification Quality and Reliability 

Z80180/Z8S180 Z180 MPU Product Specification Literature Guide 

Z80181 ZIO™ Controller Product Specification Package Information 

Z28CTMPU Preliminary Product Specification Ordering Information 



Serial Communications Controllers 

Z80307Z8530 Z-BUS® SCC Product Specification 
Z80C30/Z85C30 SCC Product Specification 
Z85230 ESCC" Product Specification 
Z80230 Z-BUS ESCC Product Specification 
Z16C35 ISCC™ Product Specification 
Z5380 SCSI Product Specification 
Z53C80 SCSI Product Specification 
Z85C80 SCSI/SCC Product Specification 
Z16C30 USC™ Product Specification 
Z16C32 IUSC™ Product Specification 
Z16C33 MUSC™ Product Specification 
Z16C50 DDPLL™ Product Specification 
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Z80®/Z8000® CLASSIC FAMILY OF PRODUCTS (Continued) 



Z80®/Z18<r/Z280®/Z8000®and Datacom Family 



Part No 



Unit Cost 



Volume II Databook 

Microprocessors and Peripherals 
Application Notes 

Z80® Family Interrupt Structure 

Using the ZSO® SIO with SDLC 

Using the Z80® SIO In Asynchronous Communications 

Binary Synchronous Communication Using the Z80® SIO 

Serial Communication with the Z80A DART 

Interfacing 8500 Peripherals to the Z80® 

Serial Clock Generation Using the Z8536 CIO 

Timing in an Interrupt-Based System with the Z80® CTC 

A Z80-Based System Using the DMA with the SIO 

Interfacing the Z8500 Peripherals to the 68000 

Z1 80™ Break Detection 

The Z180™ Interfaced with the SCC at 10 MHz 
Technical Considerations When Implementing 

LocalTalk Link Access Protocol 
Using the Z84C11/C13/C15 in Place of the Z8401 1/013/015 
Using SCC with Z8000 in SDLC Protocol 
SCC in Binary Synchronous Communications 
On-Chip Oscillator Design 

Interfacing ZSO^CPUs to the Z8500 Peripheral Family 



DC-2622-01 



5.00 



Boost Your System Performance Using The Zilog ESCC™ 

Design a Serial Board to Handle Multiple Protocols 

Using the Z16C30 USC Universal Serial Controller 

Datacommunications IUSC/MUSC Time Slot Assigner 

Integrating Serial Data and SCSI Peripheral Control on One Chip 

A Fast Z80® Embedded Controller 

Using the Zilog Datacom Family with the 80186 CPU 

Questions and Answers 

Z80® Questions and Answers 
Z1 80™ Questions and Answers 
SCC Questions and Answers 
ESCC Questions and Answers 
ISCC Questions and Answers 



Classic Family 
Datacom Products 
Literature Guide 



Z80/Z1 80/Z280 Product Specifications, Technical Manuals and Users Guides 


Part No 


Unit Cost 


Z80 CPU Central Processing Unit Technical Manual 


DC-0029-04 


3.00 


Z80 Family Programmer's Reference Guide 


DC-0012-04 


3.00 


Z80 DMA Direct Memory Access Technical Manual 


DC-2013-A0 


3.00 


Z80 PIO Parallel Input/Output Technical Manual 


DC-0008-03 


3.00 


Z80 CTC Counter/Timer Circuit Technical Manual 


DC-0036-03 


3.00 


Z80 SIO Serial I/O Technical Manual 


DC-3033-01 


3.00 


Z80180 Z180 MPU Microprocessor Unit Technical Manual 


DC-8276-03 


3.00 


Z280 MPU Microprocessor Unit Technical Manual 


DC-8224-03 


3.00 


Z80181 Z181 ZIO™ Zilog I/O Controller Preliminary Product Specification 


DC-2519-03 


N/C 


Z84C00 20 MHz Z80 CPU Central Processing Unit Preliminary Product Specification 


DC-2523-02 


N/C 


Z84C50 Z80 RAM80 Z80 CPU/2K SRAM Preliminary Product Specification 


DC-2498-01 


N/C 


Z80180/Z8S180 Z180 Microprocessor Product Specification 


DC-2609-02 


N/C 


Z80182 Zilog Intelligent Peripheral (ZIP™) 


DC-2616-02 


N/C 


Z380 Preliminary Product Specification 


DC-3003-01 


N/C 



Z80/Z180/Z280 Application Notes Part No Unit Cost 

Z180/SCC™ Serial Communications Controller Interface at 10 MHz DC-2521 -02 N/C 

Z80 Using the 84C1 1/C1 3/C1 5 in place of the 8401 1/01 3/01 5 DC-2499-02 N/C 

LocalTalk Link Access Protocol Using the Z801 81 DC-2589-01 N/C 

A Fast Z80 Embedded Controller DC-2578-01 N/C 
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ZfiflOO Product Snecifications Technical Manuals and Users Guides 


Part No 


Unit Cost 

Willi VvOI 


Z8000 CPU Central Processing Unit Technical Manual 


DC 


-L\) IU 


UD 


3.00 


SCC Serial Communication Controller User's Manual 


nr 




09 


3.00 


Z8036 Z-CI0/Z8536 CIO Counter/Timer and Parallel Input/Output Technical Manual 




90Q1 


09 


3.00 


Z8038 Z8000 Z-FIO FIFO Input/Output Interface Technical Manual 


nr 


-9051 


01 


3.00 


Z8000 CPU Central Processing Unit Programmer's Pocket Guide 


nr 


U I cc 


uo 


3.00 


Z5380 SCSI Small Computer System Interface Preliminary Product Specification 


nr 


-9A77 


01 


N/C 


Z85233 EMSCC Enhanced Mono Serial Communication Controller Preliminary Product Specification 


DC 


■2590 


00 


N/C 


Z85C80 SCSCP Serial Communication and Small Computer Interface Preliminary Product Specification 


DC 


-2534 


02 


N/C 


Z16C30 CMOS USC™ Universal Serial Controller Preliminary Product Specification 


DC 


•2492 


03 


N/C 


Z16C30 USC Universal Serial Controller Preliminary Technical Manual 


DC 


■8280 


02 


3.00 


Z16C33 CMOS USC/MUSC™ Universal Serial Controller Technical Manual 


DC 


-8285 


01 


3.00 


Z16C33 CMOS USC/MUSC Universal Serial Controller Addendum 


DC 


-8285 


01 A 


N/C 


Z16C32 IUSC™ Integrated Universal Serial Controller Product Specification 


DC 


-2600 


00 


N/C 


Z16C32 IUSC Integrated Universal Serial Controller Product Specification Addendum 


DC 


-2600 


00A 


N/C 


Z16C32 IUSC Integrated Universal Serial Controller Technical Manual 


DC 


■8292 


03 


3.00 


Z16C33 CMOS MUSC Mono-Universal Serial Controller Preliminary Product Specification 


DC 


-2517 


03 


N/C 


Z16C35 CMOS ISCC™ Integrated Serial Communication Controller Product Specification 


DC 


-2515 


03 


N/C 


Z16C35 ISCC Integrated Serial Communication Controller Technical Manual 


DC 


-8286 


01 


3.00 


Z16C35 ISCC Integrated Serial Communication Controller Addendum 


DC 


-8286 


01A 


N/C 


Z53C80 Small Computer System Interface (SCSI) Product Specification 

Z80230 Z-BUS® ESCC Enhanced Serial Communication Controller Preliminary Product Specification 


DC 


-2575 


01 


N/C 


DC 


-2603 


01 


N/C 



Z8000 Application Notes Part No Unit Cost 



Z16C30 Using the USC in Military Applications DC-2536-01 N/C 

Datacom IUSC/MUSC Time Slot Assigner DC-2497-02 N/C 

Datacom Evaluation Board Using The Zilog Family With The 801 86 CPU DC-2560-03 N/C 

Boost Your System Performance Using the Zilog ESCC Controller DC-2555-02 N/C 

Z1 6C30 USC - Design a Serial Board for Multiple Protocols DC-2554-01 N/C 

Integrating Serial Data and SCSI Peripheral Control on one Chip DC-2594-01 N/C 

Using a SCSI Port for Generalized I/O DC-2608-01 N/C 
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MILITARY COMPONENTS FAMILY 



iviiifiary opeciiicaiiona 


Part bin 
ran iiu 


1 Init Pnct 


Z8681 ROMIess Microcomputer Military Product Specification 


DC-2392-02 


N/C 


Z8001/8002 Military Z8000 CPU Central Processing Unit Military Product Specification 


DC-2342-03 


N/C 


Z8581 Military CGC Clock Generator and Controller Military Product Specification 


DC-2346-01 


N/C 


Z8030 Military Z8000 Z-SCC Serial Communications Controller Military Product Specification 


DC-2388-02 


N/C 


Z8530 Military SCC Serial Communications Controller Military Product Specification 


DC-2397-02 


N/C 


Z8036 Military Z8000 Z-CIO Counter/Timer Controller and Parallel I/O Military Electrical Specification 


DC-2389-01 


N/C 


Z8038/8538 Military FIO FIFO Input/Output Interface Unit Military Product Specification 


DC-2463-02 


N/C 


Z8536 Military CIO Counter/Timer Controller and Parallel I/O Military Electrical Specification 


DC-2396-01 


N/C 


Z8400 Military Z80 CPU Central Processing Unit Military Electrical Specification 


DC-2351-02 


N/C 


Z8420 Military PIO Parallel Input/Output Controller Military Product Specification 


DC-2384-02 


N/C 


Z8430 Military CTC Counter/Timer Circuit Military Electrical Specification 


DC-2385-01 


N/C 


Z8440/1/2/4 Z80 SIO Serial Input/Output Controller Military Product Specification 


DC-2386-02 


N/C 


Z80C30/85C30 Military CMOS SCC Serial Communications Controller Military Product Specification 


DC-2478-02 


N/C 


7Pyirnn rMnC 700 PDI 1 Pontrol DrApoccinn 1 Init Militorw PrnHnpt Cnooifir"atinn 

(lo^ouu oiviuo lov uru uerurdi nocessing unit fviiiiidry rrouuu opeuiicmiufi 


nr oaa-\ do 


M/P 


Z84C20 CMOS Z80 PIO Parallel Input/Output Military Product Specification 


DC-2384-02 


N/C 


Z84C30 CMOS Z80 CTC Counter/Timer Circuit Military Product Specification 


DC-2481-01 


N/C 


Z84C40/1/2/4 CMOS Z80 SIO Serial Input/Output Military Product Specification 


DC-2482-01 


N/C 


Z16C30 CMOS USC Universal Serial Controller Military Preliminary Product Specification 


DC-2531-01 


N/C 


Z80180 Z180 MPU Microprocessor Unit Military Product Specification 


DC-2538-01 


N/C 


Z84C90 CMOS KIO Serial/Parallel/Counter Timer Preliminary Military Product Specification 


DC-2502-00 


N/C 


Z85230 ESCC Enhanced Serial Communication Controller Military Product Specification 


DC-2595-00 


N/C 


GENERAL LITERATURE 






Catalogs, Handbooks and Users Guides 


Part No 


unit cost 


Superintegration Shortform Catalog 1992 


DC-5472-10 


N/C 


Sunprintpnratinn Pmrliirte Gnirip 


DC-"i499-nfi 


N/C 


ZIA™3.3-5.5V Matched Chip Set for AT Hard Disk Drives Datasheet 


DC-5556-01 


N/C 


Zilog Hard Disk Controllers - Z86C93/C95 Datasheet 


DC-5560-01 


N/C 


Zilog Infrared (IR) Controllers - ZIRC™ Datasheet 


DC-5558-01 


N/C 


Zilog Intelligent Peripheral Controller - ZIP™Z80182 Datasheet 


DC-5525-01 


N/C 


Zilog Digital Signal Processing - Z89320 Datasheet 


DC-5547-01 


N/C 


Zilog Datacommunications Brochure 


DC-5519-00 


N/C 


Zilog Digital Signal Processing Brochure 


DC-5536-01 


N/C 


Quality and Reliability Report 


DC-2475-10 


N/C 


The Handling and Storage of Surface Mount Devices User's Guide 


DC-5500-02 


N/C 


Support Products Summary 


DC-2545-03 


N/C 


Universal Object File Utilities User's Guide 


DC-8236-04 


3.00 


Zilog 1991 Annual Report 


DC-1991-AR 


N/C 


Microcontroller Quick Reference Folder 


DC-5508-01 


N/C 



